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OESOUPTION  OP  A  BOnB-CALORinETER  AND  METHOD 

OP  ITS  U5B. 

BT  W.  O.  ATWATSR  AMD  J.  P.  8lf  SLL. 

The  apparatus  of  which  an  account  is  here  given  was  first  de- 
icribed  in  1895.*  The  present  description  is,  in  part,  a  revision  of 
one  published  in  1897.'  Experience  since  the  latter  article  was 
written  has  led  to  further  improvements  in  the  bomb  and  accessory 
apparatus.  A  number  of  the  improvements  have  been  devised  by 
Mr.  Blakeslee,  formerly  mechanician  of  Wesleyan  University; 
odiers  were  suggested  by  Dr.  F.  G.  Benedict,  who  has  had  much 
to  do  with  its  use,  and  by  Messrs.  Dinsmore  and  Singleton,  of 
Middletown,  Conn.,  by  whom  the  apparatus  is  now  made. 

The  bomb  is  a  modification  of  that  of  Berthelot.*  The  latter  is 
most  excellent;  the  only  objection  to  it  is  its  great  cost,  which  is 
due  to  the  large  amount  of  platinum  in  the  cover  and  lining. 

*  **  A  New  Pbrm  of  Bomb-Calorimeter.'*  by  W.  O.  Atwater  and  Chaa.  D.  Wooda.  Re- 
port of  thefitom  (Conn.)  Bxperiment  Station  for  1894,  p.  133* 

1  **  Uaptiwied  Forma  of  Bomb-Calorimeter  and  Acccaaory  Aftpftratna,"  by  W.  O. 
Atmalcr  mad  O.  8.  Blakcalee.    Report  of  the  Storra  (Conn.)  Bzpertment  Station  for  1897, 

*  ^Bmr  la  force  dca  matiirea  exploaivea,"  I,  aas  ^ixl  ^*»*  f^'"*.  M^m  (6)  6,  546. 
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Various  modifications  of  the  Berthelot  apparatus  have  been  devised 
to  obviate  the  expense  of  the  platinum.  Mahler  uses  a  bomb  of 
forged  steel,  with  enamel  lining.  Hempel  uses,  for  the  determina- 
tion of  heats  of  combustion  of  coal,  a  simple  bomb  of  steel  without 
lining.  In  accordance  with  suggestions  by  one  of  us  (W.  O.  A.) 
during  a  sojourn  in  Dresden,  Professor  Hempel  most  kindly  had 
a  bomb  made  by  the  mechanicians  who  make  the  bombs  of  his  de- 
vising, and  lined  by  Heraeus  of  Hanau  with  a  thin  sheet  of 
platinum.  Thanks  to  Professor  Hempel's  painstaking  care,  added 
to  his  inventive  skill  and  his  familiarity  with  the  subject,  the  bomb 
proved  very  efficient.  With  modifications  from  time  to  time,  it  has 
gradually  assumed  its  present  form.  The  principle  is  the  same  as 
in  Berthelot's  b<xnb,  but  whereas  the  cover  of  Berthelot's  fits  into 
the  cylindrical  cup  like  a  very  wide  stopper,  the  cover  in  this,  as  in 
Mahler's,  rests  directly  on  the  upper  edge  of  the  cup. 

The  purpose  of  the  present  article  is  to  describe  the  bomb  ana 
accessory  apparatus  and  the  method  of  their  use  in  the  determina- 
tion of  the  heats  of  oxidation  of  foods,  feeding-stuffs  and  products 
of  animal  metabolism,  a  kind  of  work  for  which  the  apparatus  has 
been  in  almost  constant  use  in  this  laboratory  for  some  ten  years. 
Experience  here  and  elsewhere  shows  that  the  apparatus  may  be 
advantageously  employed  for  determining  sulphur  and  phosphorus 
in  organic  compounds,  as  well  as  for  determining  the  heats  of  com- 
bustion of  coal  and  other  fuel  materials,  but  the  special  ways  by 
which  it  is  best  employed  for  these  purposes  will  be  more  fitly  de- 
scribed at  another  time. 

The  method  of  determining  heats  of  combustion  is  essentially 
the  procedure  of  Berthelot  as  modified  by  Stohmann.*  It  has  been 
gradually  developed  in  this  laboratory  under  the  hands  of  Messrs. 
C.  D.  Woods,  F.  G.  Benedict,  O.  F.  Tower  and  the  authors. 

I.      DESCRIPTION  OF  THE  APPARATUS. 

The  method  consists  essentially  in  burning  the  substance  in 
excess  of  oxygen  at  high  pressure  in  a  bomb  immersed  in  water, 
the  heat  of  combustion  being  determined  by  the  rise  in  the  temper- 
ature of  the  water.    The  apparatus  consists  of : 

(i)  The  calorimeter  proper,  including  the  bomb,  a  britannia- 
metal  cylinder  to  hold  the  water  in  which  the  bomb  is  immersed,  a 
thermometer  and  a  stirrer.    The  term  calorimeter  system  is  here 

V-  ^raki.  Chsm.,  147,  503  ( 1889).  Sec  also  Berthelot :  "  Traits  pratique  de  calorimHrie 
chimique,"  p.  laS. 
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used  to  denote  the  bomb  and  contents,  the  metal  cylinder  and  the 
immersed  parts  of  the  thermometer  and  stirrer,  together  with 
the  water. 

(2)  Two  concentric  protecting-cylinders  of  "indurated  fiber" 
with  cover.  These  enclose  the  calorimeter  system  and  insulate  it 
so  as  to  prevent  rapid  passage  of  heat  between  it  and  the  outside 
air. 

(3)  Accessory  apparatus,  including  a  clamp  and  spanner  for 
dosing  the  bomb,  appliances  for  filling  the  bomb  with  oxygen 
(bomb-support,  coupling  and  manometer),  a  mould  and  press  for 
moulding  powdered  substances,  which  are  to  be  burned,  into 
pellets,  electrical  appliances  for  igniting  the  charge,  and  machinery 
for  operating  the  stirrer. 

The  Bomb, 
The  bonib  consists  of  three  parts :  A  cylindrical  cup  to  contain 
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Ftf .  I.— Partfi  of  the  bomb.    Cup.  cover  with  Pig.  3.— Croas-section  of  the  bomb. 

CBpstale  bolder,  capsule  and  collar. 

the  substance  to  be  burned  and  the  oxygen  for  combustion,  a  cover 
to  close  the  cup,  and  a  threaded  ring  or  collar  to  hold  the  cover 
tightly  on  the  cylinder.  With  these  is  a  metal  capsule  to  hold  the 
substance.  The  parts  are  shown  separately  in  Fig  i,  and  in  cross- 
section,  as  put  together,  in  Fig.  2. 
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The  cup  is  of  Hotchkiss  gun  tool  steel,  kindly  furnished  by  the 
Bethlehem  Iron  Company,  which  has  favored  us  with  tests  of  ''oil- 
tempered  forgings  made  from  the  same  steel,  and  at  about  the  same 
time  the  bars  were  made"  which  were  used  for  the  later  bombs. 
These  latter  tests  "were  many  in  number,  and  an  average  taken 
from  them  gives  the  following  results" : 

Tensile  strength 85,514  lbs.  persq.  in. 

BlasticUmit A7.366    "      **     **     " 

Bztension 33.82  per  cent. 

Contraction 43.05  per  cent. 

The  cover  (B),  collar  (C),  and  screws  (E,  F)  are  of  the  best 
tool  steel. 

In  the  apparatus  as  now  made  the  inside  dimensions  of 
the  cup  are,  approximately :  Depth,  12.7  cm. ;  diameter,  6.3  cm. 
at  top  and  5.9  cm.  at  bottom.  The  wall  is  approximately  0.6  cm. 
in  thickness.  The  weight  of  the  whole  bomb  is  not  far  from  3,200 
grams,  and  its  capacity  nearly  380  cc. 

The  cover  is  lined  on  the  bottom  with  platinum  and  is  provided 
with  a  neck(D).  Into  this  fits,  at  the  top,  a  cylindrical  screw  (E), 
into  which  in  turn  fits  a  valve  screw  (F).  In  the  neck  (D), 
where  the  bottom  of  the  cylindrical  screw  (E)  rests,  is  a  shoulder 
fitted  with  a  packing  of  lead  (L).  The  pressure  of  the  valve 
screw  on  this  packing  makes  a  tight  closure  upon  the  part  of  F 
which  it  surrounds.  On  the  side  of  D  is  an  opening  (G),  into 
which  may  be  screwed  the  coupling  connecting  the  tube  with  the 
receptacle  which  holds  the  oxygen  used  for  the  combustion  (see 
Fig.  8).  The  coupling,  when  screwed  in,  thrusts  against 
a  washer  of  lead  at  the  end  of  G,  which  insures  perfect  closure.  A 
narrow  passage  runs  horizontally  to  a  point  just  above  the  valve 
seat  in  the  center  of  D.  A  similar  passage  runs  from  the  apex  of 
the  valve  seat  perpendicularly  downwards  through  the  cover. 
These  two  passages  provide  a  channel  for  the  oxygen  to  pass  into 
the  interior  of  the  bomb.  This  channel  may  be  tightly  closed  by 
the  valve  screw,  the  lower  end  of  which  is  conical  and  thrusts 
against  the  inner  surface  of  D,  the  angle  of  which  at  the  place  of 
contact  corresponds  to  that  of  the  tip  of  the  screw.  Between  the 
top  of  the  valve  seat  and  the  bottom  of  the  packing  (L),  the  valve 
screw  fits  so  closely  :n  the  cover  as  to  prevent  the  lead  of  the  pack- 
ing from  working  downward  and  thus  obstructing  the  small  gas 
passages.    After  continued  use,  the  valve  of  the  bomb  may  be 
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found  to  leak  a  little  on  account  of  corrosion  of  the  conical  end  of 
thevalye  screw  by  nitric  acid  and  moist  oxygen.  It  should  then 
be  reseated  by  an  expert  mechanician.  The  lead  washer  (G)  and 
valve  packing  (L)  will  require  to  be  replaced  after  long  use. 

The  upper  edge  of  the  cup  (A)  is  beveled  on  both  sides;  the 
apex  is  rounded  and  fits  into,  a  gasket  (K)  of  lead,  which  is  held 
in  a  recess  or  groove  in  the  cover  (  B ) .  With  use,  the  metal  gradu- 
ally flows  out  of  the  groove  under  the  heavy  pressure  so  that  the 
gaskets  have  to  be  replaced  occasionally.  The  gasket  may  be 
removed  from  the  groove  in  the  cover  by  cutting  it  nearly  in  two 
with  the  tool  provided  for  the  purpose  and  prying  it  up  in  such  way 
2S  to  sever  it.  In  using  the  tool,  great  care  must  be  taken  not  to 
mjure  either  the  platinum  lining  of  the  cover  or  the  sides  and 
bottom  of  the  groove.  Attempts  have  been  made  to  substitute 
harder  metals  for  lead  in  the  gaskets,  but  lead  has  been  found  most 
satisfactory  as  least  liable  to  injure  the  platinum  lining  against 
which  it  presses.  Extra  gaskets  are  furnished  with  the  bomb.  In 
dosing  the  bomb,  it  is  important  that  the  friction  between  the  cover 
and  collar  should  be  reduced  as  much  as  possible.  The  surfaces 
of  contact  of  the  two  pieces  should,  therefore,  be  well  oiled. 

The  platinum  wires  (H)  and  (I),  inside  the  bomb,  serve  to  hold 
the  capsule  (O)  containing  the  substance  to  be  burned  and  to  con- 
duct an  electric  current-  for  igniting  it.  Of  these  two  wires,  one 
(I)  is  screwed  into  the  cover;  the  other  (H)  passes  through  a 
conical  hole  in  the  cover  and  is  insulated  from  the  metal.  The 
method  of  insulating  the  wire  is  shown  in  Fig.  3.    In  the  bomb 


Pig.  5.— Method  of  insulation. 

cover,  a  section  of  which  is  shown  at  a,  is  a  conical  hole.  The 
larger  end  of  the  hole  is  on  the  inside  of  the  cover.  Into  the  hole 
fits  the  conical  enlargement  (b)  of  the  German  silver  rod  (c) 
which  projects  above  the  cover  and  serves  for  the  electrical  con- 
nection.    The  platinum  wire  (d)  is  gold-soldered  into  the  lower 
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end  of  the  OHie,  thus  making  a  continuous  conductor  (c,  b,  d). 
To  insulate  this  conductor,  a  piece  of  rubber  tubing  of  V»a  i^^ch 
(2.5  mm.)  inside  diameter  is  pushed  down  over  the  cone  until  it 
projects  I  to  2  mm.  beyond  the  base.  The  free  end  of  the  tubing 
is  threaded  through  the  hole  in  the  bomb  cover  and  drawn  up  until 
the  cone  is  in  place ;  the  surplus  rubber  tubing  is  then  cut  off  at  e^ 
and  over  the  rod  j(c)  is  placed  the  hard  rubber  sleeve  (f )  and 
the  nut  (g)  is  tightened  down  until  the  conductor  (c,  b,  d)  is 
firm  in  the  cover. .  A  mica  disk  (h)  is  placed  over  the  platinum 
wire  (d),  and  held  against  the  lining  of  the  cover  by  the  platinum 
nut  (i).  This  disk  serves  both  to  protect  the  insulating 
rubber  frcxn  combustion  and  to  prevent  the  nitric  add  formed  in 
the  bomb  from  penetrating  into  the  conical  hole  in  the  cover  and 
causing  leakage  of  current  and  corrosion  of  the  German  silver  and 
steel.  If  a  little  space  at  the  large  end  of  the  cone  is  left  unfilled 
by  the  end  of  the  rubber  tubing,  it  is  filled  with  a  mixture  of  fine 
asbestos  fiber  and  shellac,  which  is  allowed  to  dry  before  the  mica 
disk  (h)  is  secured  in  place.  Whenever  the  insulation  of  the  wire 
becomes  poor,  the  rubber  covering  of  the  conductor  should  be  re- 
placed by  a  new  one. 

Near  the  lower  end  of  H  (Fig.  2)  is  a  platinum  wire  bent  in  the 
form  of  a  ring  to  hold  the  capsule,  and  coiled  about  the  wire,  to 
which  it  is  held  by  a  platinum  thumb-nut.  When  a  combustion  is 
made,  the  two  platinum  wires  are  connected  by  a  very  fine  iron 
wire  which  passes  over  the  capsule  and  is  heated  by  the  electric 
current.  The  part  directly  above  the  substance  to  be  burned  is 
wound  into  a  spiral,  thus  furnishing  a  larger  quantity  of  iron  to 
be  ignited  and,  falling,  to  ignite  the  substance  in  the  capsule. 

Linings  of  Cup  and  Cover. — Both  cup  and  cover  are  lined  with 
platinum  or  gold-plated  copper.  The  lining  of  the  cover  is 
sweated  onto  the  steel.  A  platinum  plug  fitted  into  the  vertical 
passage  by  which  the  gas  enters  serves  to  protect  the  steel  surfaces 
of  the  valve  seat  and  oxygen-channel  from  corrosion  by  the  dilute 
nitric  acid  which  condenses  on  the  lining  of  the  cover  and  which 
might  otherwise  be  carried  out  into  the  channel  when  the  valve  is 
opened.  The  oxygen  is  admitted  through  the  plug  by  a  tubular 
passage,  the  outlet  of  which  is  horizontal,  so  that  the  current  of  gas 
may  not  blow  directly  upon  the  substance  in  the  capsule. 

The  lining  of  the  cup  is  made  from  a  single  sheet  of  metal  which 
is  spun  to  fit  the  steel  cup  accurately.     It  can  be  easily  removed 
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from  the  latter  by  placing  the  fingers  of  the  left  hand  inside  the 
fining,  and  the  thumb  against  the  threads  of  the  cup  (which  maybe 
wrapped  with  cotton  to  protect  the  thumb),  and  drawing  out^va^d 
upon  the  lining,  at  the  same  time  tapping  the  steel  cup  with  a 
wooden  mallet.  The  lining  should  be  removed  occasionally  and 
any  rast  that  may  have  formed  on  the  inner  surface  of  the  steel 
polished  off.  Before  the  lining  is  put  in  again,  the  steel  cup 
should  be  wiped  out  with  a  cloth  moistened  with  oil. 

For  the  lining,  platinum  h?s  been  used  and  has  proved  entirely 
satisfactory  not  only  here  but  in  other  laboratories,  but  its  high 
tost  is  an  objectitm,  and  numerous  attempts  have  been  made  to 
find  a  cheaper  substitute.  The  Mahler  bomb,  which  is  in  use  in 
many  laboratories,  has  a  lining  of  enamel.  So  far  as  we  are  in- 
foraied,  it  is  found  satisfactory  save  that  it  is  apt  to  crack  and  scale 
off.  We  have  found  that  aluminum  linings,  spun  from  the  purest 
metal  we  can  obtain,  are  attacked  by  the  nitric  acid  to  such  an  ex- 
tent as  to  interfere  with  the  accuracy  of  the  determinations. 
Attempts  to  electroplate  the  inside  surface  of  a  steel  cup  with 
platinuni  or  gold  havebe^n  made  by  Berthelot*  and  also  by 
Professor  H.  W.  Wiley,  chief  of  the  Bureau  of  Chemistry,  U.  S. 
Department  of  Agriculture,  but  the  results  have  been  unsatis- 
factory, the  lining  eitber  having  proved  pOrous  and  thus  permeable 
to  the  oxygen  and  nitric  acid,  or  having  blistered,  probably  on 
account  of  the  unequal  expansion  of  the  steel  and  the  plating. 

The  most  satisfactory  substitute  we  have  found  for  the  platinum 
lining  is  one  of  copper  heavily  electroplated  with  gold.  A  cup 
was  spun  for  us  by  the  Middletown  (Conn.)  Silver  Company  from 
No.  20  Brown  &  Sharp  gauge  (0.8  mm.)  ^heet  copper  and  electro- 
plated by  the  International  Silver  Company  of  Meriden,  Conn.  A 
light  luting  of  silver,  two  of  gold  of  about  i  dwt.  (1.5  grams) 
«ch,and  finally  three  of 'gold  of  about  2  dwts.  (3  grams)  each 
were  applied,  each  plating  being  thoroughly  burnished  before  the 
next  was  deposited.  This  lining  was  used  for  four  months 
or  more.  It  was  only  after  some  300  combustions  had  been  made 
in  it  that  blisters  formed  in  the  gold  plating  in  two  places  on  the 
bottom  of  the  ctip,  and  not  until  after  the  400th  determination;  that 
ooffer  could  be  detected  in  the  bomb  rinsings  (.which  always  con- 
tain free  nitric  acid).  Tht  same  lining  was  then  replated  with 
gotd  and  was  in  good  condition  after  use  in  over  560  additional 
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determinations,  when  it  was  destroyed  by  an  accident.  Other 
linings  of  this  description  are  now  in  use  in  different  laboratories 
and  while,  at  present,  any  positive  conclusion  as  to  their  durability 
would  be  premature,  it  seems  probable  that,  at  least  with  occa- 
sional replating,  a  copper  lining  might  serve  for  several  thousand 
determinations. 

In  devising  this  gold-plated  copper  lining  we  have  profited, 
particularly  as  r^^ards  the  necessity  of  burnishing  repeatedly  dur- 
ing the  deposition  of  the  gold,  by  the  experience  of  Mr.  Henry  J. 
Williams,  of  Boston,  who  has  constructed  and  patented  a  calorim- 
eter having  a  spherical  bomb  of  aluminum  bronze,  electroplated 
internally  with  gold  and  externally  with  nickel.  Mr.  Williams' 
apparatus  appears  to  have  many  excellent  features.  Its  cost  is, 
however,  much  beyond  that  of  even  the  platinum-lined  apparatus 
here  described. 

We  have  planned  to  use  gold-covered  copper  ("rolled  plate") 
instead  of  platinum  fcM-  the  lining  of  the  cover  but  have  as  yet  no 
experience  in  its  use. 

We  find  it  a  very  decided  advantage  to  have  the  lining  and  es- 
pecially that  of  the  cup  easily  removable.  The  low  cost  of  gold- 
plated  copper  makes  it  easy  to  have  two  linings,  so  that  if  one  gives 
out,  it  can  be  easily  removed  and  repaired  while  the  other  is  used 
in  its  place. 

Metal  Capsules. — ^The  sample  for  combustion  is  held  in  a 
frustum-shaped  metal  capsule  which  is  supported  in  the  bomb  as 
shown  in  Fig.  3.  We  employ  capsules  of  three  sizes :  the  small 
size,  which  is  i  cm.  deep,  14  cm.  in  diameter  at  the  base,  and  1.6 
cm.  in  diameter  at  the  top,  is  used  in  most  cases ;  the  medium  size, 
1.7  cm.  deep,  1.5  cm.  in  diameter  at  the  base,  and  2.2  cm.  in 
diameter  at  the  top,  is  employed  for  the  combustion  of  urine  ab- 
sorbed in  cellulose  absorption* blocks;  the  large  size,  2  cm.  deep, 
1.5  cm.  in  diameter  at  the  base,  and  2.5  cm.  in  diameter  at  the  top, 
is  used  in  the  combustion  of  milk  upon  asbestos  (see  below). 

Until  recently  we  have  used  exclusively  capsules  of  platinum  of 
the  two  smaller  sizes.  Those  of  the  smallest  size  with  a  thickness 
of  0.15  mm.  weigh  only  about  2  grams.  They  serve  the  purpose 
but  are  too  thin  for  durability.  A  thickness  of  0.20  to  0.25  mni« 
would  be  preferable.  Those  of  the  larger,  t.  e.,  medium  size,  with 
a  thickness  of  0.35  mm.  and  weighing  7  grams,  we  Bad  very  satis- 
factory for  use  with  the  cellulose  blocks  employed  for  determining 
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the  heat  of  combustion  of  urine.  As  the  platinum  capsules  are 
rather  expensive,  we  have  recently  used  capsules  of  nickel.  They 
are  spun  from  Vm  inch  (0.4  mm.)  sheet  nickel  by  the  Goodwin 
k  Kintz  Company  of  Winsted,  Conn.,  cost  but  a  few  cents  each, 
and  have  thus  far  proved  very  satisfactory.  To  prevent  their 
tracking,  they  are  annealed  and  hammered  and  are  so  shaped  that 
4k  sides  join  the  base  with  a  curve  instead  of  a  sharp  angle.  Be- 
fore using,  they  are  heated  in  the  Bunsen  flame  until  the  surface  is 
ondized.  When  so  treated,  they  withstand  further  oxidation  for 
a  considerable  time  even  at  the*  high  temperature  attained  in  the 
bomb. 

Iron  Wire. — ^The  ignition  of  the  sample  in  the  bomb  is  brought 
about  by  means  of  a  small  coil  of  iron  wire  heated  to  ignition  by  an 
dectric  current.  A  spool  containing  about  25  grams  of  0.007-inch 
(0.18  mm.)  wire  is  furnished  with  each  apparatus.  This  quantity., 
if  cut  into  lengths  of  2.5  inches  (6.3  cm.)  will  sufiice  for  about 
zfioo  combustions.  By  use  of  a  simple  ''wire-measqre,"  devised 
by  Mr.  Osterbcrg  of  this  laboratory,  a  large  number  of  wires  of 
equal  length  may  be  prepared  at  one  time.  This  measure  consists 
of  a  cylindrical  piece  of  hard  wood,  2  cm.  or  more  in  diameter, 
having  a  longitudinal  groove  0.6  cm.  wide  and  i  to  1.5  cm.  deep. 
The  cylinder  may  be  conveniently  prolonged  into  a  handle.  The 
wire  is  wound  about  this  measure  in  as  many  turns  as  desired.  By 
inserting  one  blade  of  a  pair  of  shears  into  the  groove,  all  the 
turns  are  easily  cut  at  once.  The  pieces  of  wire,  so  cut,  are  made 
into  ooSls  by  winding  upon  a  pin  or  needle,  leaving  a  half-inch  of 
straight  wire  on  each  end.  If  the  aggregate  weight  of  the  first 
ten  pieces  cut  at  one  time  is  the  same  as  that  of  the  last  ten  of  the 
same  lot,  the  average  weight  of  the  twenty  may  be  assumed  to 
represent  thp  weight  of  eadi  piece  of  the  lot. 

Thermometer. — ^The  thermometer  used  in  determinations  of 
heats  of  combustion  must  be  capable  of  measuring  small  differ- 
ences of  temperature  with  as  high  a  d^^ree  of  accuracy  as  possible, 
met  the  diief  source  of  error  in  the  determination  lies  in  these 
measurements,  as  explained  below.  At  the  same  time,  if  the 
cakximeter  is  to  be  used  in  an  ordinary  laboratory  room,  the  ther- 
mometer must  be  one  that  can  be  used  over  a  considerable  range  of 
actual  temperature.  In  specific  terms,  it  must  be  capable  of 
making  measurements  of  temperature  differences  of  2"  to  3.5*, 
accurate  to  a  few  thousandths  of  a  degree,  at  an  initial  temperature 
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of  12^  and  also  at  an  initial  temperature  of  25^  or  even  higher 
(the  initial  temperature  of  the  calorimeter  being  2^  or  3^  below 
the  room  temperature).  The  requisite  accuracy  and  adaptability 
are  combined  in  ''metastatic'^  thermometers  of  the  Beckmann  type. 
We  have  used  for  the  most  part  a  thermometer  of  this  type  made 
by  Fuess  of  Berlin-St^litz.  It  has  a  large  bulb  about  5  cm.  in 
length  and  i  cm.  in  diameter  and  contains  about  32  g^ms  of 
mercury.  The  scale  is  23  cm.  in  length,  divided  into  6®,  graduated 
to  hundredths  and  capable  of  being  read  to  thousandths  with  the 
aid  of  a  lens.  We  have  also  used  the  Beckmann  thermometer 
manufactured  by  Goetze  of  Leipzig. 

With  thermometers  of  this  type,  in  addition  to  the  ordinary  cor- 
rection for  variations  in  the  bore  of  the  capillary,  a  second  cor- 
rection is  evidently  necessary  for  the  reduction  of  the  degrees  of 
the  scale  to  true  centigrade  d^^ees,  for  it  is  obvious  diat  when  the 
thermometer  is  set  for  use  at  a  low  temperature,  the  quantity  of 
mercury  in  the  bulb  will  be  greater  and  the  expansion  per  true  de- 
gree, therefore,  greater  than  when  it  is  set  for  a  higher  tempera- 
ture. Our  Fuess  thermometers  have  been  calibrated  by  the 
Physikalisch-technische  Reichsanstalt.  By  interpolating  between  the 
data  of  the  certificate  furnished  by  the  Reichsanstalt  we  construci 
tables  giving  the  caliber  correction  for  each  o.i®  and  the  "correc- 
tion for  setting"  for  each  degree.  For  use  in  the  laboratory,  these 
tables  can  be  most  conveniently  mounted  on  cards.  Since  the  cor- 
rection for  setting  is  most  conveniently  used  in  a  form  different 
from  that  given  in  the  certificate,  we  think  it  worth  while  to  illus- 
trate how  the  one  is  derived  from  the  other. 

The  certificate  accompanying  one  of  our  thermometers  states 
that  when  the  thermometer  is  set  at  o^  and  heated  to  6^  (with  the 
mean  temperature  of  the  projecting  thread  of  mercury  at  15**),  i* 
of  the  scale  is  found  equivalent  to  o.99i''C. ;  when  the  ther- 
mc»neter  is  set  at  25°  and  heated  to  31^  (projecting  thread,  22^),. 
I**  of  the  scale  is  equivalent  to  1.002'*  C;  and  when  the  ther- 
mometer is  set  at  so"*  and  heated  to  56®  (projecting  thread,  26®),. 
.1**  of  the  scale  is  equivalent  to  1.013**  C.  The  correction  for  i** 
rise  on  the  arbitrary  scale  is,  therefore,  —0.009®  when  the  zero  of 
the  thermometer  corresponds  to  o**  C.  and  +0.002®  when  it  corre- 
sponds to  25®  C,  and  since  the  change  of  the  correction  between 
o®  and  25®  is  the  same  as  between  25®  and  50®,  vie.,  -|-o.oii®,  we 
are  justified  in  assuming  that  the  change  for  each  d^ree  amounts 
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to  0.011**  -T-  25  =  0.00044°.  For  any  setting  of  the  thermometer 
between  o**  and  50® ,  therefore,  the  correction  to  be  applied  for  each 
degree  of  observed  rise  of  temperature  is  —  0.009°  +  o.00O44n° 
where  n  =  the  true  temperature  to  which  the  zero  of  the  ther- 
mometer corresponds.  The  values  of  this  correction  for  each  de- 
gree are  calculated  to  the  nearest  ten-thousandth  of  a  degree  and 
entered  in  the  table  of  corrections.  We  determine  the  corrections 
for  the  Goetze  thermometer  by  comparison  with  a  Fuess  which  has 
been  calibrated  as  above  described. 

For  the  reason  that  there  is  some  danger  of  breaking  thermome- 
ters of  this  type  by  improper  handling,  particularly  in  the  case  of 
the  Fuess  thermometer  with  its  very  heavy  bulb,  we  give,  for  the 
benefit  of  the  inexperienced,  the  following  directions  for  changing 
the  setting : 

To  set  a  thermometer  of  the  Beckmann  type  for  use  at  a  temper- 
ature higher  than  that  at  which  it  has  last  been  used,  the  bulb  is 
wanned  in  the  hand  or  in  water  until  the  mercuiy  fills  the  whole  of 
the  capillary  tube  and  a  part  of  the  upper  reservoir.  A  portion  of 
the  mercury  is  then  shakenoffintotheupperreservoir.  Thissepara- 
tkm  of  the  mercury  may  be  effected  by  holding  the  thermometer 
vertically  in  one  hand  and  either  (i)  tapping  the  outer  tube  (''en- 
velope") near  the  reservoir  smartly  but  not  violently  with  the 
fingers  of  the  other  hand;  or  (2)  striking  the  hand  which  holds 
the  themx>meter  vertically  against  the  other  hand.  Of  the  two 
methods,  the  former  will  usually  separate  a  smaller  portion  of 
mercury  than  the  latter.  The  thermometer  should  never  be  held 
in  a  horizoni;al  or  oblkiue  position  when  jarred  in  either  of  these 
ways,  as  the  inertia  of  so  large  a  mass  of  mercury  may  produce  so 
severe  a  transverse  strain  in  the  glass  envelope  as  to  break  it. 

To  set  the  thermometer  at  a  lower  temperature,  the  mercury 
contained  in  the  upper  reservoir  is  brought  into  the  upper  part  of 
the  reservoir  by  inverting  the  thermometer  and  tapping  the  brass 
knob  at  the  top  gently  on  the  table.  The  mercury  will  remain  in 
the  upper  part  of  the  reservoir  when  the  thermometet  is  reinverted, 
i  e.,  brought  into  normal  vertical  position  with  the  bulb  downward. 
The  bulb  is  then  warmed  until  the  mercury  in  the  capillary  tube 
has  joined  that  in  the  upper  reservoir,  then  cooled  until  more  or 
less  of  the  mercury  originally  in  the  reservoir  has  been  drawn  into 
the  capillary  tube.  The  mercury  remaining  in  the  top  of  the 
reservoir  is  now  separated  and  brought  to  the  bottom  by  one  of 
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the  methods  described  above.    With  practice,  the  shifting  of  the 
mercury  frwn  capillary  tube  to  reservoir,  or  vice  versa,  is  easily 
and  quickly  accomplished. 
Lens  and  Tapper  for  Thermometer, — ^The  use  of  a  lens  to  mag- 


Pig.  4-— Bomb-calorimeter ;  apfwratus  m  used  tor  actual  determinations  of  heats 
of  combustion. 

nify  the  divisions  of  the  thermometer  scale  is  essential.  A 
Coddington  lens  of  i  inch  (25  mm.)  focal  length  (magnification 
=  10),  made  and  mounted  by  the  Bausch  &  Lomb  Optical  Co.,. 
Rochester,  N.  Y.,  has  proved  very  satisfactory  for  this  purpose. 
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For  the  prevention  of  errors  of  parallauc,  it  is  provided  with  an  eye- 
hole and  with  a  grooved  adapter  which  fits  against  the  envelope  of 
the  thernxxneter  and  serves  to  keep  the  principal  axis  of  the  lens 
at  right  angles  to  the  thermometer  scale. 

To  prevent  lagging  of  the  mercury  in  the  capillary,  the  ther- 
mometer shonld  be  tapped  on  the  brass  cap,  rather  than  on  the 
^ass  envelope.  A  most  useful  and  convenient  tapper  for  this 
purpose  is  the  hanomer  of  a  small  electric  bell  which  can  be  oper- 
ated by  a  battery  of  two  dry  cells.^  By  means  of  a  conveniently 
placed  switch,  the  observer  sets  the  hammer  in  motion  a  few 
seconds  before  each  reading  and  stops  it  again  after  the  reading  is 
taken. 


Pig.  5.— Bomb-calorimeter  ready  for  a  combustion. 

Apparatus  Mounted  for  Use. — The  bomb,  when  ready  for  a 
combustion,  is  immersed  in  water  contained  in  a  metal  cylinder. 
This  cylinder  is  surrounded  by  concentric  cylinders  or  pails  of 
''indurated  fiber,"  leaving  air  spaces  to  prevent  undue  passage  of 
heat  between  the  water  and  the  outer  air.  The  arrangement  is 
shown  in  cross-section  in  Fig.  4  and,  as  it  appears  during  a  com- 
bustion, in  Fig.  5. 

1  Soch  •  ta|»per  for  a  Bcckmanii  thermometer  was  employed  by  I«oomis  {P^nsical  Rt- 
»M».  I.  ao6  (X894))  and  also  by  Omdorff  and  Cameron  {Am.  Chem.J.,  17,  517  (189s)). 
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Calorimeter  Cylinder  and  Stirrer. — ^The  cylinder  is  of  britannia- 
metal  13  cm.  in  diameter,  23  cm.  high,  and  holds,  with  the  bomb, 
not  far  from  2  liters  of  water.  A  stirrer  (SS),  moved  by  a  small 
motor  or  other  agency,  keeps  the  water  in  motion  and  insures  the 
mixing  needed  for  equalizing  its  temperature.  This  stirrer  con- 
sists of  two  perforated  annular  pieces  of  sheet-brass  connected  by 
two  brass  rods  which  project  out  of  the  calorimeter  and  are  there 
attached  by  thumb-screws  to  a  nickel-plated  cross-piece.  A  groove 
is  cut  in  one  side  of  the  annular  brass  pieces  to  admit  the  ther- 
mometer. The  calorimeter  cylinder  stands  on  cork  supports 
which  prevent  it  from  coming  in  contact  with  the  bottom  of  the 
pail.  The  interior  of  the  britannia-metal  cylinder  should  be  kept 
clean  and  free  from  sediment. 

The  Outer  Cylinders, — ^The  diameters  of  the  indurated  fiber 
pails  (U  and  T,  Fig.  4)  are  such  as  to  leave  an  air  space  of  about 
I  cm.  between  the  two  pails  and  one  of  3  cm.  between  the  inner 
pail  and  the  calorimeter  cylinder.  The  covers  of  the  pails  are  of 
hard  rubber.  They  are  provided  with  holes  for  the  two  rods  of 
the  stirrer  and  for  the  thermometer.  An  adjustable  standard  at- 
tached to  the  outer  pail  (Fig.  5)  bears  an  arm  provided  with  a 
clamp  for  the  support  of  the  thermometer  (Y,  Fig.  4).  On  the  arm 
is  a  hook  upon  which  a  watch  may  be  conveniently  hung  near  the 
thermcmieter.  A  second  standard,  with  arm  for  support  of  the 
electric  hammer  for  tapping  the  thermcmieter,  may  be  adjustably 
attached  to  the  main  standard  by  a  thumb-screw  clamp.  The 
current  for  igniting  the  iron  wire  over  the  substance  to  be  burned 
in  the  capsule  (O,  Fig.  4)  is  conveyed  by  the  rubber-covered 
wires.  (V,  W),  of  which  one  is  connected  with  the  valve-screw  of 
the  bomb  and  the  other  with  the  insulated  platinum  wire  (H) 
which  passes  through  the  cover. 

Accessory  Apparatus. 

Apparatus  for  Moving  Stirrer  and  for  Igniting  the  Charge  for 
Combustion. — ^The  most  convenient  source  of  power  for  operating 
the  stirrer  we  have  found  to  be  the  direct  or  alternating  current  of 
the  city  electrical  circuit,  with  suitable  motors  of  about  1/20  horse- 
power. The  same  current  serves  to  ignite  the  charge.  As  yet,  no 
perfectly  satisfactory  substitute  for  these  currents  has  been  found. 
Six  cells  of  the  Edison-Lalande  batteries  have  most  nearly  filled 
the  requirements. 

By  means  of  a  worm  gear  fastened  directly  to  the  armature 
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shaft  of  the  motor,  the  speed  is  reduced,  a  final  regulation  being 
made,  if  necessary,  by  a  rheostat,  until  the  speed  is  such  as  to 
cause  the  stirrer  to  rise  and  fall  about  forty  to  fifty  times  per 
minute.  With  the  apparatus  as  here  described,  it  is  important 
that  the  rate  of  stirring  should  not  be  less  than  40  strokes  (revo- 
lutions) to  the  minute.  The  connection  between  the  motor  and 
the  stirrer  is  effected  by  means  of  a  cord  which  is  connected  with 
the  motor  crank,  passes  upward  to  the  ceiling  or  a  shelf,  over  two 
pnlleys,  and  thence  down  to  the  stirrer. 

To  heat  the  fine  iron  wire  to  incandescence,  and  thereby  ignite 
the  substance,  requires  a  current  of  3  or  4  amperes.  If  a  i  lo-volt 
current  is  available,  the  necessary  current  may  be  obtained  by 
switching  it  through  four  32-candle  power,  iio-volt  lamps  in 
parallel.  In  case  a  55-volt  current  is  used,  the  i  lo-volt  32-candle 
power  lamps  would  be  replaced  by  a  similar  number  of  i6-candle 
power,  55-v(dt  lamps.    Lamps  are  especially  desirable  as  resist- 


Fig.  6.— Pellet  press. 

anccs  since  they  indicate  to  the  observer  whether  the  circuit  is 
actually  completed  by  the  closing  of  the  switch  and  whether  it  is 
broken  by  the  fusion  of  the  iron  wire. 

Pellet  Press  and  Mould. — Solid  materials  to  be  burned  are 
usually  pressed  into  small  pellets,  so  that  they  may  easily  be  held 
in  the  small  platinum  capsule  within  the  bomb.  This  pellet  form 
is  advantageous,  also,  in  preventing  the  mechanical  losses  of  loose 
material,  which  might  occur  either  before  or  after  ignition,  and  so 
insuring  the  complete  combustion  of  all  the  material.  The  mold 
resembles  an  ordinary  "diamond  mortar".    The  press  (Fig.  6)  is 
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SO  constructed  that  a  pressure  of  50  pounds  (22.5  kilos),  applied 
at  the  extremities  of  the  screw  arm,  gives  a  pressure  of  over  10 
tons  (9,100  kilos)  on  the  pellet  pin.  In  practice,  such  a  pressure 
is  rarely  needed. 

In  molding  a  pellet,  care  should  be  taken  to  adjust  the  mold 
exactly  under  the  screw  of  the  press  before  turning  the  latter  down 
and  not  to  exert  so  great  a  pressure  on  the  screw  as  to  distort  the 
pin  and  cause  it  to  stick  in  the  block.  A  little  oil  should  be  used 
between  the  end  of  the  screw  and  the  top  of  the  pin,  and  both 
block  and  pin  should  be  kept  clean  and  free  from  grit.  To  re- 
move the  pellet,  the  screw  is  slackened,  the  mold  slid  out  and  in- 
verted and  the  head  of  the  pin  pressed  against  the  table.    If  the 


Pig.  7.— CUmp  and  spanner. 

pellet  cannot  be  removed  in  this  way,  the  mold  may  be  placed 
again  under  the  screw  of  the  press  with  the  projection  at  the  base 
at  right  angles  to  the  groove  of  the  press.  By  turning  down  the 
screw,  the  steel  disk  can  be  made  to  drop  into  the  groove  and  can 
be  easily  pushed  aside  so  that  the  pellet  can  be  forced  out  in  the 
same  way.  With  a  few  substances  (especially  cane-sugar)  it  is 
necessary  to  wash  and  dry  the  mold  after  making  each  pellet,  as 
otherwise  some  of  the  finely  powdered  substance  may  adhere  to  the 
inner  surface  of  the  mold  and  make  the  pin  stick.  The  press 
screw  is  closely  fitted  and  care  must  be  taken  not  to  injure  it  by 
turning  it  down  its  full  length  with  any  force,  as  might  be  done,  for 
instance,  by  setting  it  rotating  rapidly  when  the  mold  is  not  in  place. 
Clamp  and  Spanner. — ^To  hold  the  bomb  securely,  while  the 
collar  is  being  screwed  down,  a  clamp  or  vise  (Pig.  7)  has  been 
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devised,  consisting  of  a  fixed  and  a  movable  jaw  enclosing  a  nearly 
cylindrical  but  slightly  tapering  space  for  the  reception  of  the  cup 
of  the  bomb.  The  jaws  are  drawn  together  through  a  maximum 
distance  of  about  0.5  cm.  by  a  lever  with  a  very  coarse  half-thread. 
A  paper  lining  in  the  clamp  will  prevent  the  cup's  slipping,  and 
protect  it  from  being  marred.  The  spanner  is  about  i  meter  in 
length  and  is  provided  with  a  steel  pin  of  about  i  cm.  diameter, 
which  fits  into  a  hole  in  the  bomb  collar.    In  using  the  spanner, 


Pig.  8. — Appliances  for  filling  the  bomb. 

care  should  be  taken  to  fit  the  pin  down  its  full  length  into  the 
hole  in  the  bomb  collar ;  otherwise  the  edges  of  the  hole  may  be 
worn  away. 

Bomb  Support,  Manometer,  and  Couplings  for  Filling  Bomb 
with  Oxygen  from  Oxygen  Holder, — The  oxygen  used  in  this 
laboratory  is  furnished  by  the  S.  S.  White  Dental  Mfg.  Co.,  of 
Philadelphia,  in  cylinders  about  125  cm.  long  and  18  cm.  in  diame- 
ter. These  cylinders  contain  about  8  lbs.,  8  oz.,  or  3850  grams 
oxygen,  a  quantity  which  should  suffice  for  over  250  determina- 
tions. Brass  coupling  tubes  are  used  to  connect  the  cylinder  with 
the  manometer  and  with  the  bomb,  which  is  supported,  during  the 
filling,  upon  a  cast-iron  shelf,  as  shown  in  Pig.  8. 

The  graduations  of  the  manometer  enable  one  to  ascertain  when 
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the  supply  of  oxygen  is  nearly  exhausted.    When  the  pressure 
falls  to  35  or  40  atmospheres,  another  cylinder  of  gas  is  ordered. 

General  Test  of  the  Apparatus. 
The  general  condition  of  the  apparatus  should  be  tested  from 
time  to  time  by  check  combustions.  Benzoic  acid  and  cane-sugar 
are  convenient  substances  for  this  purpose,  because  they  are  easily 
obtained  pure  and  their  heats  of  combustion  are  accurately  known 
(see  p.  692).  The  benzoic  acid  has  the  advantage  over  the  sugar 
that  the  pellets  do  not  clog  the  pellet  mold  and  that  no  kindler 
other  than  the  iron  wire  is  needed  for  the  ignition. 

II.      METHOD  OF  USE  01?  THE  APPARATUS. 

Quantity  of  Substance  To  Be  Used. 

As  explained  below  in  the  discussion  of  the  accuracy  of  the 
method  (p.  694),  the  quantity  of  material  burned  in  the  bomb 
should  be  such  as  will  yield  from  4000  to  7000  calories. 

The  following  are  suitable  quantities  of  ordinary  foods  and 
feeding-stuflFs : 

Fats,  oils,  batter  and  very  fat  meats — as  pork,  fat  mutton 

and  fat  beef 0.5  to  0.7  gram. 

Leaner  meats — as  veal,  fish,  etc.,  and  dried  residue  of  milk*  0.7  to  1.0  gram. 

Vegetable  products  consisting  mostly  of  starch,  sugar,  cellu- 
lose, etc.,  with  more  or  less  of  proteids  and  not  much 
fat — as  sugar,  starch,  flour,  meal,  potatoes,  fruits,  seeds 
of  cereals,  legumes,  etc.,  fodders  and  feeding-stuffs,  in- 
cluding hay,  straw,  meals,  etc x  to  1.5  gram. 

Of  substances  which  we  have  found  convenient  for  tests  of  the 
accuracy  of  the  determinations,  the  following  are  suitable  quanti- 
ties: 

Naphthalene  and  camphor 0.5  to  0.7  gram. 

Benzoic  acid  and  hippuric  acid 0.7  to  i.o  gram. 

Cane-sugar  and  glycocoU i  to  3.0  gram. 

Preparation  of  the  Material  for  Combustion. 
Solids. — Solids  in  general  are  powdered  and  pressed  into  cylin- 
drical pellets  in  the  pellet  .mold  as  described  above* 
The  material  is  weighed  approximately  before,  and  accurately 
after,  molding.  Food  samples  are  used  ordinarily  in  the  "partially 
dried  condition".  The  methods  followed  in  this  laboratory  in  pre- 
paring such  samples  have  been  previously  described.*    Fatty  sub- 

i  Report  of  preliminary  investigations  on  the  metabolism  of  nitrogen  and  carbon  in 
the  human  organism,  by  W.  O.  Atwater,  C.  D.  Woods  and  F.  G.  Benedict  Ball.  44,  U.  S. 
Dept.  Agr.,  Office  of  Experiment  Stations,  1897. 
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Stances,  such  as  dried  milk,  are  weighed  directly  into  the  capsule 
without  molding. 

With  some  substances,  special  devices  are  required  to  secure 
ignitioii.  A  crystal  of  naphthalene  serves  as  a  kindler  for  such 
substances  as  sugar  and  glycocoU.  The  naphthalene  may  be  in- 
serted between  two  turns  of  the  coiled  iron  wire  with  one  edge 
touching  the  substance  in  the  capsule.  Or,  instead  of  a  coil,  the 
wire  may  be  formed  into  a  loop,  resembling  one  of  the  forms  of 
wire  office  clips  used  for  holding  sheets  of  paper  together,  and  the 
naphthalene  placed  in  the  loop,  which  should  touch  the  substance 
in  the  capsule. 

Substances  which  are  still  more  difficult  to  ignite,  e.  g.;  creatin 
and  creatinin,  may  be  enclosed  in  gelatin  capsules,  such  as  are  used 
with  volatile  liquids  (see  below). 

Fats,  such  as  butter,  may  be  ignited  with  naphthalene,  or, 
preferably,  by  use  of  a  small  quantity  of  fibrous  asbestos,  such  as 
is  used  in  Gooch  crucibles.  The  asbestos  is  placed  on  the  fat  in 
sudi  position  that  the  burning  iron  wire  may  fall  upon  it.  In  this 
way  too  rapid  cooling  of  the  wire  is  prevented,  and  local  ignition 
of  the  fat  ensured* 

Oils, — Oils  are  absorbed  in  fibrous  asbestos.  The  metal  capsule 
is  half-filled  with  asbestos,  ignited  in  a  Bunsen  Same,  cooled  in  a 
desiccator  and  is  weighed  before  and  again  after  addition  of  the  oil. 

Volatile  Liquids, — ^Volatile  liquids,  e.  g.,  alcohol,  may  be  en- 
ck»ed  in  gelatin  capsules.^  We  have  found  the  "Beekman  ideal" 
capsule  No.  oo,  which  weighs  from  o.ii  to  0.19  gram,  very  con- 
venient for  the  purpose. 

Urine. — ^The  heat  of  combustion  of  urine  cannot  be  satisfactorily 
determined  by  simply  burning  the  solid  residue,  because  a  portion 
of  the  organic  matter  after  carbonizing  becomes  encased  in  the 
fused  ash  and  is  thus  protected  from  oxidation.'  We  have  met 
with  the  same  difficulty  in  attempting  to  burn  urine  dried 
on  asbestos  fiber  according  to  the  method  used  for  the  combustion 
of  milk  (see  below).  The  difficulty  is  obviated  by  absorbing  and 
drying  the  urine  in  cylindrical  blocks  of  cellulose  as  proposed  by 
Kellner.*  Suitable  blocks  are  Carl  Schleicher  and  Schiiirs  "No. 
573"  which  are  15  mm.  in  height  and  14  mm.  in  diameter  and 

i  Berthelot  oaes  ooUodion  npmiles  for  tbU  purpose  ('* Traits  pratique  de  calorom^trie 
ckfaBk|iie.*«  pi  160). 

*8ec  BelUwr :  Landm.  Versucksi.,  47,  996  (1896). 
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weigh  about  0.7  gram.  As  the  block  and  the  dried  urine  are 
burned  together,  the  quantity  of  heat  due  to  the  combustion  of  the 
cellulose  must  be  estimated.  It  is  scarcely  practicable  to  deter- 
mine once  for  all  the  specific  heat  of  combustion^  of  the  cellulose 
and  to  calculate  from  the  weight  of  a  block  the  heat  that  will  be 
produced  by  its  combustion,  because  the  blocks  contain  varying 
quantities  of  moisture  and  are  not  easily  dried  to  constant  weight 
without  danger  of  deccmiposition.  If,  however,  a  considerable 
number  of  blocks,  say  50  or  100,  are  heated  in  the  same  drying 
oven  at  95^-100®  for  three  or  four  hours,  they  may  then  be 
assumed  to  have  reached  a  unifcM-m  condition  as  to  dryness  and 
incipient  decomposition.  Determinations  of  the  specific  heats  of 
combustion  of  three  or  four  of  the  lot  may,  therefore,  be  made  and 
the  average  result  used  for  those  burned  with  the  urine.  As  the 
cellulose  is  very  hygroscopic,  the  blocks  should  be  kept  in  stop- 
pered weighing  bottles  in  desiccators  over  sulphuric  acid  and 
weighed  in  the  same  bottles.  It  is  more  convenient  to  have  the 
weighing  bottles  large  enough  to  hold  several  blocks. 

The  urine  is  prepared  for  combustion  according  to  the  following 
method,  which  was  suggested  by  and  is  similar  to  that  proposed  by 
Tangl.^  The  weighed  cellulose  block  is  placed  in  an  evaporating 
dish  of  50  or  60  cc.  capacity  and  the  urine  added  from  a  20  cc. 
pipette  calibrated  specially  for  urine.*  One  or  two  pipettefuls, 
t.  ^.,  20  or  40  cc,  are  taken  according  as  the  specific  gravity  is 
greater  or  less  than  1.022.  The  weight  of  the  urine  is  calculated 
from  its  specific  gravity  and  the  delivering  capacity  of  the  pipette. 
The  urine  is  evaporated  to  dryness  at  50** -6o*.  Repeated  tests 
have  shown  that  there  is  no  appreciable  loss  of  nitrogen  in  drying 
at  this  temperature.  Whdn  dry,  the  block  is  transferred  to  the 
metal  capsule  and  the  urine  residue  remaining  on  the  dish  trans- 
ferred to  the  capsule  by  wetting  with  water  and  wiping  out  with 
small  quantities  of  fibrous  asbestos  held  in  bone-tipped  forceps. 
After  drying  again  at  50^-60®,  the  block  is  ready  for  combustion. 
The  cellulose  blocks  will  yield  2200-3000  calories  each  and  the  heat 
of  combustion  of  urine  ordinarily  lies  between  75  and  200  calories 

>  A  convenient  tenn  for  the  heat  of  combustion  per  gram. 

*  Anh.f,  Physiol.,  I«eli>siff«  1869,  Suppl.  Bd.,*?  251. 

s  A  pipetteful  of  nrine  is  deliyered  into  a  tared  weighing-bottle  and  weighed.  The 
quotient  of  the  weight  bj  the  specific  grmvity  gives  a  valne  for  the  delivering  capacity  of 
the  pipette.  A  number  of  such  determinations  are  made  with  urine  of  different  specific 
gravities  and  the  resulta  averaged.  The  results  obtained  with  the  urines  of  different 
specific  gravities,  though  sgreeing  substsntially  among  themselves,  differ  materially  from 
that  obtained  by  calibrating  with  water. 
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per  gram,  that  of  urine  of  specific  gravity  1.022  being  in  the  neigh- 
borhood of  I  ID  calories.  The  heat  set  free  in  the  combustion  will, 
accordingly,  vary  from  4400  calories  (no  X  ao  +  2200)  to  7400 
calories  ( i  lo  X  40  +  3000),  and  at  least  50  per  cent,  of  this  will 
come  from  the  combustion  of  the  urine. 

For  drying  the  urine  it  is  desirable  to  have  a  self-regulating 
oven.  An  oven  surrounded  by  a  water-jacket,  provided  with  a 
mercury  thermostat,  serves  the  purpose  admirably.  It  will  be 
found  advantageous  to  provide  a  shelf  in  the  oven  with  perfora- 
tions into  which  the  metal  capsules  may  be,  set. 

A  serious  difficulty  in  the  determining  of  the  heat  of  combustion 
of  the  unoxidized  material  of  urine  is  the  tendency  to  decomposi- 
tion of  urea  and  perhaps  other  compounds  by  which  more  or  less 
of  the  potential  energy  is  set  free.  We  have  found  the  Hanger  of 
snch  loss  of  energy  from  urine  on  standing  to  be  much  greater 
than  might  be  suspected,  nor  have  we  yet  found  a  convenient  way 
for  preserving  it  for  any  considerable  time  with  certainty  that  no 
loss  occurs.  We  have  been  in  the  way  of  adding  about  5  cc.  of 
commercial  formalin  to  800  cc.  of  urine,  keeping  it  in  a  refrigerator 
and  making  the  combustion  as  soon  as  possible. 

The 'drying  of  urine  in  vacuo  at  room  temperature,  as  elaborated 
by  Cronheim,*  is  probably  the  safest  course.  Preliminary  experi- 
ments, made  a  number  of  years  ago  in  this  laboratory,  but  not 
published,  indicated  the  success  of  the  method  but  the  length  of 
time  required  renders  its  use  extremely  difficult  when  a  large  num- 
ber of  samples  are  to  be  prepared. 

Milk. — ^For  the  combustion  of  milk,  a  metal  capsule  of  the 
laigest  size  is  loosely  filled  with  fibrous  asbestos  upon  which  the 
milk  is  then  absorbed  and  dried.  About  5  grams  of  milk  should 
be  used  and  care  should,  of  course,  be  taken  to  secure  a  representa- 
tive sample. 

About  20  to  25  grams  may  be  taken  from  the  supply,  after 
thorough  mixing,  and  placed  in  a  small  stoppered  flask  or  other 
weighing-bottle,  fnxn  which  the  5-gram  portions  for  the  individual 
combustions  may  be  weighed  out. .  The  milk  in  the  weighing- 
bottle  should,  of  course,  be  mixed  by  shaking  immediately  before 
each  portion  is  poured  out. 

Milk  may  also  be  dried  and  burned  on  the  cellulose  blocks  used 
with  urine,  but  the  asbestos  method  described  above  has  two  ad- 

>  **  CMMcnrintof  dcs  Huns  fir  amljUiclie  nnd  calorimettiKhe  Zwecke,*'  Arck.  /. 
Amtt  M.  PkjmoLy  Phjrs.  Abth.,  Sup.,  190a,  p.  aSa. 
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vantages.    The  correction  for  the  combustion  of  the  cellulose  is 
avoided  and  the  number  of  weighings  is  decreased. 

Filling  the  Bomb. 

The  bomb  cover  being  supported  upon  a  ring-stand,  the  capsule 
containing  the  pellet  is  placed  in  position  in  the  platinum  ring. 
The  ends  of  the  coil  of  iron  wire  are  wound  around  the  vertical 
platinum  wires  (one  turn  only)  and  the  coil  adjusted  so  that  it 
touches  the  substance  to  be  burned  but  not  the  capsule.  The  naph- 
thalene (if  any  is  to  be  used)  is  placed  in  position.  The  cover  is 
now  placed  on  the  bomb  and  a  little  oil  dropped  upon  the  top  to 
prevent  its  turning  with  the  collar,  which  is  then  screwed  on  and 
tightened  by  means  of  the  clamp  and  spanner.  The  bomb  is  now 
ready  to  be  filled  with  oxygen.  With  its  valve  slightly  open,  it  is 
placed  in  position  on  the  iron  shelf  (see  Fig.  8)  and  connected 
with  the  manometer  which  is  kept  permanently  connected  with  the 
oxygen  cylinder.  The  valve  of  the  oxygen  cylinder  is  then  opened 
cautiously.  When  the  manometer  indicates  a  pressure  of  20 
atmospheres,  the  oxygen  is  cut  off,  the  bomb-valve  closed,  and  the 
bomb  disconnected  from  the  manometer. 

Leakage  of  gas  from  the  bomb  may  occur  either  at  the  soft 
metal  gasket  (K)  or  at  the  conical  tip  of  the  valve-screw  (F) 
(Fig.  2).  Gas  escaping  at  the  gasket  will  usually  make  an  audible 
sound.  If.  the  gasket  is  not  too  much  worn,  the  leak  may  be 
stopped  by  screwing  the  collar  tighter.  A  leak  at  the  valve  can  be 
easily  and  quickly  detected  by  placing  the  moistened  finger  over 
the  opening  (G).  When  the  valve-tip  or  the  conical  shoulder 
into  which  it  fits  becomes  corroded  so  that  the  valve  cannot  be 
closed  by  gentle  pressure,  it  must  be  reseated  carefully  in  a  lathe 
to  secure  a  proper  fit.  If,  in  filling  the  bomb,  leakage  occurs  at 
L  (Fig.  2),  the  cylindrical  screw  (E)  should  be  tightened  ^  little 
to  press  the  packing  (L)  tightly  around  the  valve-screw. 

Arranging  Apparatus  for  the  Combustion, 
The  calorimetric  water  should  now  be  put  in  the  britannia-metal 
cylinder.  Both  the  quantity  and  the  temperature  of  this  water  are 
to  be  regulated.  In  order  to  facilitate  the  calculations,  it  is  better 
to  make  the  quantity  always  the  same  and  such  that  the  total 
hydrothermal  value  of  the  calorimeter  system  will  be  a  round  num- 
ber, such  as  2000,  2100  or  2200  grams.  (Our  custom  is  to  make  it 
2100  grams.)     In  order  to  reduce  to  a  minimum  the  correction  for 
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the  influence  of  the  surroundings  upon  the  temperature  of  the 
system,  the  water  in  the  cylinder  should  be  made  cooler  than  the 
surroundings  of  the  system  (as  measured  by  an  ordinary  ther- 
mometer placed  in  the  inner  air-space)  by  about  the  expected  rise 
in  temperature,  or  a  little  more.     For  example,  if  the  quantity  of 
substance  to  be  burned  is  such  as  will  yield  about  6300  calories  and 
the  hydrothermal  value  of  the  system  is  to  be  2100  grams,  the  rise 
expected  will  be  3**  and  the  water  in  the  cylinder  should  be  made 
3*-3.2*  cooler  than  the  air  of  the  inner  air-space.    The  insertion 
of  the  bomb,  which  is  at  room  temperature,  will  decrease  this  tem- 
perature difference  by  about  one-sixth,  the  hydrothermal  value 
of  the  bomb  being  about  one-sixth  that  of  the  whole  system,  so 
that  after  the  combustion  the  temperature  of  the  system  will  be  a 
little  above  that  of  the  surroundings. 

It  is,  obviously,  more  convenient  to  adjust  the  temperature  of 
the  water  first  and  the  quantity  afterwards.  The  desired  temper- 
ature can  be  readily  obtained  by  mixing  cooler  water  with  that 
used  in  the  preceding  combustion  (or  with  a  portion  of  it). 
Water  is  then  poured  out  of  the  cylinder  until  approximately  the 
desired  quantity  remains;  the  cylinder,  containing  water  and 
stirrer,  is  placed  upon  a  tared  balance,  accurate  to  i  gram,  and 
small  quantities  of  water  are  added  or  removed  until  the  correct 
weight  is  obtained.  The  tare  required  is,  of  course,  the  desired 
hydrothermal  value  {e.  g.,  2100  grams)  minus  the  hydrothermal 
equivalent  of  the  apparatus  and  plus  the  weight  of  the  cylinder  and 
stirrer. 
The  cylinder,  containing  stirrer  and  water,  is  now  put  in  place 
'  inside  the  outer  cylinders  and  the  two  conducting  wires  are  joined, 

respectively,  to  the  valve-screw  and  to  the  insulated  conductor. 
The  covers  are  put  on  and  adjusted  so  that  the  stirrer  will  run 
smoothly,  the  thermometer  is  inserted  and  the  stirrer  set  in  motion. 
As  soon  aS  the  different  parts  of  the  calorimeter  system  have 
assumed  a  common  temperature,  which  usually  requires  two  or 
three  minutes,  the  mercury  will  begin  to  rise  at  a  uniform  rate, 
and  the  readings  of  the  "initial"  or  precombustion  period  may 
begin. 

The  room  temperature  may  have  changed  so  much  since  the 
apparatus  was  last  used  that  the  thermometer  must  be  reset.  In 
that  event,  the  water  shoiild  be  stirred  a  little  after  the  insertion  of 
the  bomb  and  its  temperature  determined  with  an  ordinary  ther- 


6S2  W.  O.  ATWATKR  AND  J.  F.  SNELL. 

mometer,  so  that  the  actual  temperature  to  which  the  zero  of  the 
reset  thermometer  corresponds  may  be  known  within  half  a  degree. 

Temperature  Changes  in  the  System. 

If  the  calorimeter  system  were  absolutely  insulated  thermally, 
only  two  temperature  observations  would  be  necessary  for  the  de- 
termination of  the  heat  of  combustion  of  a  substance.  One  of 
these  could  be  made  at  any  time  after  the  system  had  come  to 
internal  temperature  equilibrium  after  the  insertion  of  the  bomb 
and  before  the  ignition  of  the  substance,  for  the  temperature 
would  remain  absolutely  constant  during  this  interval  of  time,  what- 
ever might  be  its  length.  This  observation  would  give  the  initial 
temperature  of  the  system.  The  second  observation,  that  of  the 
final  temperature,  could  be  made  at  any  time  after  the  heat  from 
the  combustion  had  distributed  itself  uniformly  throughout  the 
system,  for  then  the  temperature  would  again  remain  constant. 

But  it  is,  of  course,  impossible  to  ihsulatethe  system  completely 
and,  consequently,  external  influences  are  continually  affecting  its 
temperature.  The  most  obvious  and  doubtless  the  most  important 
of  these  external  influences  is  the  temperature  of  the  medium  sur- 
rounding the  system.  This  medium  may  be  regarded  as  made  up 
of  (i)  the  air  of  the  inner  air-jacket,  (2)  the  walls  of  the  inner 
indurated  fiber  cylinder,  and  (3)  the  air  and  walls  of  the  outer 
air-jacket  and  the  air  of  the  room.  Interchange  of  heat  occurs 
between  the  system  and  (i)  the  air  of  the  inner  jacket  by  convec- 
tion and  radiation,  (2)  the  indurated  fiber  cylinder  by  radiation, 
and  (3)  the  air  of  the  outer  air-jacket  and  of  the  room  by  con- 
duction through  and  convection  by  the  rods  of  the  stirrer.  All  of 
these  interchanges  may  fairly  be  assumed  to  obey  Newton's  Law — 
that  the  rate  of  warming  or  cooling  of  a  body  is  proportional  to 
the  difference  of  temperature  between  the  body  and  the  surround- 
ing medium. 

Less  important  external  influences  are  (i)  the  production  of 
heat  by  the  friction  and,  in  case  of  imperfect  adjustment,  by  the 
impact  of  the  stirrer,  and  (2)  the  evaporation  of  water  from  or 
condensation  of  water  upon  the  system.  The  motion  of  the  stirrer 
being  regular,  the  quantity  of  heat  produced  by  friction  and  impact 
(which  is  of  course  very  small)  is  the  same  for  any  one  minute  as 
for  any  other.  The  amount  of  water  condensed  or  evaporated 
during  an  experiment  is  without  doubt  very  small  in  any  case.  At 
the  same  time  it  must  be  remembered  that  the  latent  heat  of  water 
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vapor  at  70^  being  about  600  calories  per  gram,  i  calorie  of  heat  is 
withdrawn  froin  the  system  (and  rendered  latent)  for  every  0.0017 
gram  water  evaporated.  Conversely,  the  condensation  of  0.0017 
gram  water  upon  the  system  would  impart  i  calorie  to  it.  Now, 
condensation  can  not  occur  at  all  except  when  the  air  of  the  inner 
air-space  is  so  nearly  saturated  with  moisture  that  its  dew-point 
lies  within  3^  of  its  actual  temperature,  because  the  initial  temper- 
atare  of  the  calorimeter  system  is  never  more  than  3°  lower  than 
the  temperature  of  the  surrounding  air.  The  air  of  the  inner  air- 
space is  practically  completely  enclosed  by  the  inner  fiber  cylinder 
with  its  cover,  so  that  very  little  air  will  diffuse  in  or  out.  Its 
Tohnne  is  about  5.1 1  liters.  This  quantity  of  air,  if  saturated  with 
moisture,  would  contain : 

At  23*C 0.0204  X5.T1  gram.' 

At  ao^C o.oiyiXS'ii  gram. 

Difcrence 0.0033X5-11  =0.017  gram. 

Heat  of  impoiizatioii 0.017  X  600  =  10  calories. 

At  30*C 0.0300X5." 

At  27®  C 0.0255X5." 

Difference 0.0045  X 5."  =0.033  gram. 

Heat  of  yaporization 0.033  ^^00  =14  calories. 

If  the  initial  temperature  of  the  calorimeter  were  27"^  (which  is 
as  high  as  it  would  be  necessary  to  make  it  on  a  warm  day  in 
summer)  and  the  air  of  the  room  (at  30^)  were  completely  satu- 
rated with  moisture,  the  quantity  of  heat  imparted  to  the  calo- 
rimeter by  the  condensation  of  all  the  moisture,  from  the  air  of  the 
inner  jacket  would  be  14  calories.  In  winter  the  initial  tempera- 
tnre  of  the  system  does  not  exceed  20?,  therefore  the  quantity  of 
heat  imparted  to  the  system  by  condensation  of  moisture  cannot  be 
more  than  10  calories.  Moreover,  even  in  the  extreme  cases  now 
under  consideration,  the  heat  imparted  to  the  system  during  the 
experiment  proper  will  be  very  much  less  than  the  quantities  men- 
tioned, because  the  experiment  proper  is  preceded  by  a  "settling 
period"  of  at  least  two  or  three  minutes  and  an  "initial  period"  of 
five  minutes,  during  which  time  the  greater  part  of  the  moisture  of 
the  air  will  have  been  deposited  and  the  dew-point  will  have  fallen 
in  consequence,  so  that  the  temperature  of  the  system  will  have 
htde  more  than  begun  to  rise  on  account  of  the  combustion  of  the 
substance  in  the  bomb  when  it  passes  the  dew-point  of  the  air  and 

*  See  SmttheoBkm  Phys.  Tables,  ad  ed.,  Washington,  1903,  p.  155. 
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the  deposition  of  moisture  ceases.  When  we  consider,  further, 
how  rarely  the  difference  between  the  temperature  of  the  air  of  a 
room  and  the  dew-point  will  be  as  small  as  s"*,  it  is  dear  that  the 
danger  of  error  arising  from  the  condensation  of  moisture  upon  the 
surface  of  the  calorimeter  sjrstem  is  insignificant.^ 

Evaporation  of  water,  involving  abstraction  of  heat  from  the 
calorimeter  system,  will  occur  much  more  commonly.  This  will 
be  a  slower  process  than  that  of  dew-deposition  and  it  seems  prob- 
able that  the  5.1 1  liters  of  air  in  the  inner  air-jacket  will  not  be- 
come saturated  with  moisture  in  the  length  of  time  required  for  a 
determination,  and  it  may  safely  be  assumed  that  the  difference  in 
the  amount  of  evaporation  per  minute  will  not  vary  materially  in 
the  course  of  the  fifteen  or  twenty  minutes  required  for  the  com- 
pletion of  the  observations  necessary  for  the  determination  of  a 
heat  of  combustion. 

The  correction  for  the  "external  influences"  may,  therefore,  be 
estimated  on  the  assumption  that  the  rate  of  warming  or  cooling  of 
the  calorimeter  system  in  a  given  minute  is  proportional  to  the 
difference  between  the  average  temperature  of  the  system  for  that 
minute  and  the  temperature  of  the  surrounding  medium.  Further, 
the  temperature  of  the  surrounding  medium  may  be  r^arded  as 
constant.  The  correction  for  the  effect  of  external  influences  on 
the  temperature  of  the  system  may,  therefore,  properly  be  deter- 
mined according  to  the  method  of  Regnault,  which  is  based  upon 
the  assumptions  just  mentioned.  This  consists  in  estimating  the 
effect  produced  on  the  temperature  of  the  system  by  the  external 
influences  during  each  minute  of  the  time  intervening  between  the 
ignition  of  the  substance  and  the  reattainment  of  internal  temper- 
ature-equilibrium after  the  combustion  ("main"  or  "combustion" 
period  of  the  determination)   from  determinations  of  the  mean 

1  It  ought,  perhaps,  to  be  pointed  out  that  this  conduaioQ  refers  only  to  this  particular 
form  of  apparatus.  In  calorimeters  having  no  covers  to  separate  the  air  of  the  air-spaces 
from  that  of  the  room,  especially  whereby  means  of  a  watet-Jacket  the  temperature  of  the 
air-spaces  is  regulated  so  as  to  be  always  the  same  (whatever  the  temperature  of  the 
room),  the  question  of  dew  formation  may  be  of  greater  importance.  Stohmann,  when 
using  his  constant  pressure  calorimeter  (in  which,  of  course,  the  rise  of  temperature  being 
more  gradual  than  in  a  bomb  calorimeter,  the  time  during  which  dew  deposition  may 
occur  is  greater),  endeavored  to  keep  the  temperature  of  the  air-spaces  consUnt  between 
170  and  18^  and  made  the  initial  temperature  of  the  system  always  about  16^.  As  the  tem- 
perature was  frequently  lower  than  the  dew-point  of  the  atmosphere  in  summer,  long 
interruptions  of  work  were  sometimes  necessary  in  that  season  of  the  year  (/.  ^roAt. 
Chem.,  143,  »  (1887)).  In  his  description  of  the  method  of  use  of  the  bomb-calorimeter, 
stohmann  again  refers  to  the  danger  of  dew  formation  and  recommends  that  the  differ-- 
ence  between  the  initial  temperature  of  the  system  and  that  of  the  surrounding  air  be  not 
made  too  great  (  A  ^rakL  Ckem.,  147, 5iq  (1889)). 
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temperature  of  the  system  during  each  minute  of  this  period  and 
of  the  mean  temperature  and  the  rate  of  change  of  temperature 
during  two  periods  of  five  minutes  each,  one  (the  "initial"  period) 
immediately  preceding,  the  other  (the  ''final"  period)  immediately 
following  the  main  period.  The  correction  is  most  readily  calcu- 
lated from  the  actual  observations  of  the  temperature  of  the 
system,  made  at  the  beginning  and  end  of  the  initial  and  filial 
periods  and  at  intervals  of  one  minute  throughout  the  main  period 
t^  means  of  the  formula  derived  by  Pfaundler  (see  p.  688) . 

The  Thermometer  Readings, — ^Readings  may  be  begun  at  any 
tone  after  the  stirrer  has  been  set  in  motion.  They  should  be  con- 
tinued until  there  has  been  a  uniform  rise  of  temperature  for  five 
minutes,  the  differences  between  successive  readings  not  varying 
by  more  than  0.002^  These  five  minutes  constitute  the  initial  or 
precombustion  period. 

Precisely  at  the  end  of  the  five  minutes  (t.  e.,  at  the  sixth  read- 
ing of  the  initial  period),  the  electric  circuit  through  the  fine  iron 
wire  in  the  bomb  is  completed  by  closing  a  switch.  The  resist- 
ance lamps  are  incandescent  during  the  passage  of  the  current  and 
the  extinction  of  their  light  indicates  that  the  iron  wire. has  be«i 
fused.  This  usually  occurs  within  two  or  three  seconds  after  the 
dosing  of  the  circuit.  The  switch  should  now  be  opened  im- 
mediately to  avoid  error  from  the  production  of  heat  in  the  calo- 
rimeter by  the  passing  of  the  current  through  the  water. 

Readings  should  be  continued  at  intervals  of  one  minute  until  the 
rate  of  fall  of  the  mercury  has  become  regular — an  indication  that 
internal  equilibrium  has  been  regained.  This  marks  the  end  of 
Ae  combustion  period.  In  our  routine  work,  however,  we  find  it 
convenient,  for  the  sake  of  uniformity,  in  the  calculations,  to  re- 
gard the  combustion  period  as  ending,  in  all  cases,  five  minutes 
after  the  ignition.  With  an  apparatus  of  the  present  model,  it  may 
safely  be  assumed  that  the  system  will  return  to  equilibrium  within 
fire  minutes,  if  the  rate  of  stirring  exceeds  40  revolutions  per 
minute.  After  the  final  reading  of  the  combustion  period,  the 
stirring  is  continued  for  five  minutes  (final  or  "post-combustion" 
period),  at  the  end  of  which  time  another  reading  is  taken. 

Before  each  reading,  the  thermometer  should  be  tapped  with  the 
electric  hammer. 

After  the  Combustion. 

The  bomb  is  now  removed  from  the  calorimeter  and  placed  in 
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the  clamp.  After  the  pressure  has  been  relieved  by  opening  the 
valve,  the  collar  is  unscrewed  and  the  cover  removed.  The  in- 
terior of  the  bomb  and  the  lining  of  the  cover  are  rinsed  with  water 
and  the  rinsings  titrated  to  determine  the  nitric  add  (see  below). 
The  quantity  of  iron,  if  any,  remaining  unoxidized  must  be  de- 
ducted from  the  quantity  originally  taken.  It  may  be  determined 
by  weighing  or  (mor^  conveniently)  by  measuring  its  length  on 
a  millimeter  or  other  finely  graduated  scale. 

Determination  of  the  Nitric  Acid. 

The  temperature  in  the  interior  of  the  bomb  during  the  combus- 
tion is  so  great  as  to  bring  about  the  combustion  of  some  of  the 
atmospheric  nitTOgtn  left  in  the  bomb  on  filling  and  also  of  some 
of  the  nitrogen  contained  in  the  substance  burned.  The  product 
of  this  combustion  is  nitric  acid.  The  heat  produced  by  the  com- 
bustion of  the  nitrogen  is,  of  course,  to  be  deducted  from  the  total 
heat  measured.  For  the  determination  of  the  nitric  acid  we  follow 
Stohmann  in  using  a  solution  of  normal  sodium  carbonate 
(NajCOg)  of  3.706  grams  per  liter.  One  cc.  of  this  solution  con- 
tains 0.003706  gram  sodium  carbonate  which  is  equivalent  to 
o.oa}4o6  gram  nitric  acid»  the  heat  of  formation  of  which  is  i 
calorie.^  Thus  each  cubic  centimeter  of  sodium  carbonate  used  in 
the  titration  represents  i  calorie  set  free  in  the  calorimeter  by  the 
combustion  of  nitrogen.  Methyl  orange  is  used  as  indicator. 
Calculation  of  Results. 

To  find  the  heat  of  combustion  of  the  substance  under  investiga- 
tion, it  is  necessary  to  determine  the  total  quantity  of  heat  liber- 
ated in  the  apparatus  and  to  deduct  from  this  total  the  quantities 
due  to  the  "accessory  combustions"  of  the  kindlers  and  the  nitro- 
gen. To  determine  the  total  quantity  of  heat  liberated,  one  must 
know  ( I )  the  hydrothermal  value  of  the  calorimeter  system,  and 
(2)  the  rise  of  temperature  reduced  to  true  degrees  and  corrected 
for  the  influence  of  the  surroundings.  The  details  of  the  calcula- 
tion can  be  best  explained  by  an  example. 

The  following  copy  of  a  page  of  our  laboratory  book  gives  the 
observations  made  in  a  determination  of  the  heat  of  combustion  of 
cane-sugar  with  the  calculations  therefrom,  arranged  in  the  form 
we  have  found  most  convenient.    At  the  top  of  the  page  are  given 

1  Molecular  heat  of  formation  of  nitric  acid  from  nitrogen,  oxygen  and  water  equals 
14,300  caloriea.  Berthelot:  Ann.  ckim.  phys.^  (s).  6*  'St  (i87S):  "  Tbermochimie,'*  Vol.  II, 
107  (1897). 
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general  data,  such  as  the  number  and  description  of  the  sample, 
apparatus  used,  etc.  Following  this  we  have  recorded  the  weigh- 
ings of  the  sugar  itself  and  of  the  iron  wire  and  naphthalene  and 
the  titer  of  the  nitric  acid  as  found  at  the  end  of  the  determination. 


SERIAL  No. . 


Sample  No. 
Bomb  No.  5. 


Description,  Cane^ugar, 
Obacrver,/.  F,  SnelL 


Dtitt,  July  fj,  1901. 
Thermometer,  No.  /jj, 


Capsule  No.  /. 

Wt.  caps.  -H  subs.  ^4,2301 

Wt.  capsule  z=  2.8783 

Wt.  substance,  W  =  1.3  71 8 


CORRBCTION  FOR  ACCESSORY  COMBUSTIONS. 

Wt.  Fe  13.0  —  /./  =//.pmg».  =79.0  cal. 
Wt.   naphthalene  =  6,4  *•     =  61,6  *• 
HNO,  =  6,6*' 

Correction  for  accessories  =  87,2  ** 


RRAI>- 
INGS. 

1  /.0/8 

2  i,OZl 

3  rM2S 
I.€>27 
1.030 


6^  1.032 


^ 


X  2,30c 
10^4  3M2 


ii^iJ'^SS 


CORRBCTSD 

RB4DINGS. 

i.015 


INITIAL  PBRIOD. 
Fall  = —   ,014 

JEtateV    =—    .0028 


i.02g 


T®  of  zero  =  22.8 

Meant®,^='     /.o^^Corr.  for  i®         =-f.  .00/ 
Rise  (degrees)  =-    2.6 


^'3 
3-7 
3-7 
3-7 


2 
Sam 

mff. 


=     5./ 
=    J0.6 


Log.  diff .  = 
Lo«.V'-V= 


0253 
73H 
5^20 


T®  air 
T®  water 
I  St  reading 


CORRBCTBD 
RBADING,  ^5  =3,646 
e^  =  1.02^ 


-4- 

=^2.3 


^30, 


FINAL  PBRIOD. 
Fall         =+   .013 


RateV   =H-   .a>^<5  Accessories 
V    =—   .0028 


THBRMOMBTBR  CORRBt- 
TION. 


=923.2 
=  23.8 
=■     I.O 


Ther.  corr. 


=H-  .0026 


FINAL  CALCULATION. 
0^  =     /.02g 


Th.  corr. 
Rad.  corr. 

Corr. 


=    2.6/7 
=+  .0026 
=+  'O079 


rise  =    2.6273 

"Xaioo.      3^'S30- 

=  Totolheat   }=rjJJ^ 


3397      V'-V    .=  +   .0034 


AiitUog.=  + 

+  5V    =- 


.02/9 
.0/4 


■h 


+^0079 


Radia- 
tion cor- 
rection 

[16        S'^4^     I    3 -633 

Remarks: 


Corrected  heat  =  3340.6 


Meant**,fl'—     3.64G 

0  —^       1.02  2 


Log.  corr.  heat 
Log.  W 


r^^ 


=      2.618 


=      87.2 


734^5 
137^9 


hbat  of 

comb0st1on 

PEE  GRAM 


1  = 


5975^ 


3959 
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Below  the  second  horizontal  line  are  given  at  the  left  of  the  page 
the  thermometer  readings.  The  last  reading,  No.  i6,  will  be 
found  near  the  foot  of  the  page,  below  the  calculation  of  the 
radiation  correction.  Corrections  on  account  of  variations  in  ther- 
mometer bore  are  applied  to  readings  i,  6,  ii,  and  i6,  and  the  cor- 
rected values  given  in  the  next  column,  with  the  exception  of  No. 
^^  i^)if  which  is  placed  for  convenience  in  the  third  column  and 
repeated  in  the  fourth. 

The  total  rise  of  the  thermometer  during  the  combustion  period 
amounts  to  3.646**  —  1.029**  =  2.617°  of  the  arbitrary  scale  of  the 
thermometer  (see  Column  4,  "Final  Calculation").  To  this 
"apparent"  rise  of  temperature,  two  corrections  are  to  be  applied : 

(i)  The  degrees  of  the  arbitrary  thermometer  scale  ;:re  to  be 
reduced  to  true  degrees  (thermometer  correction). 

(2)  Allowance  is  to  be  made  for  the  influence  of  the  surround- 
ings upon  the  temperature  of  the  calorimeter  during  the  com- 
bustion period  (radiation  correction). 

Thermometer  Correction  (Column  4). — The  temperature  of  the 
water  at  the  beginning  of  the  combustion  was  23.8**  C.  The 
reading  of  the  calorimeter-thermometer  corresponding  to  this 
temperature  is  i**.  The  zero  of  the  thermometer  corresponds, 
therefore,  to  22.8"*  C.  At  this  temperature,  i**  of  the  arbitrary 
scale  of  the  thermometer  is  equal  to  i.ooio  true  degrees.  A  cor- 
rection of  -f  o.ooi**  is  therefore  to  be  made  for  each  degree  of 
apparent  rise  of  temperature,  or  a  total  correction  of  o.ooi  X  2.6= 

+  0.0026^ 

Radiation  Correction  (Columns  1-3). — During  the  early  part  of 
the  combustion  period,  the  calorimeter,  i.  e.,  the  calorimeter  system, 
is  cooler  than  the  surrounding  air.  The  temperature  is  rising  as 
the  calorimeter  system  gains  heat  from  the  air.  In  the  later  part 
of  the  period,  the  calorimeter  is  ordinarily  warmer  than  the  air 
and  its  temperature  is  falling  as  heat  passes  from  it  to  the  air. 
According  as  the  quantity  of  heat  gained  during  the  early  part  of 
the  period  is  greater  or  less  than  the  quantity  lost  later,  the  ob- 
served rise  of  temperature  is  greater  or  less  than  that  properly 
attributable  to  the  combustion  and  a  subtractive  or  additive  cor- 
rection is  to  be  made. 

The  correction  is  calculated  by  the  Regnault-Pfaundler  formula,* 

<=— +^r-^+2r'<'-"<'). 

1  Pfaundler :  Pogg.  Ann.,  139,  1x3  (x866). 
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where  n  =>  number  of  time  units  (minutes)  in  combustion  period. 

V  =  rate  of  fall  of  temperature  of  calorimeter  during  initial 
period/ 

V'  =  rate  of  fall  of  temperature  of  calorimeter  during  final 
period,* 

6  =  mean  temperature  of  calorimeter  during  initial  period. 

6'  =  mean  temperature  of  calorimeter  during  final  period. 

6^,,  ©, ^»  ==  temperature  at  end  of  first,  second,  • «th 

mintites  of  combustion  period. 

9,  =  temperature  at  moment  of  ignition. 

Applying  this  foilnula  to  our  example,  we  find  for  the  ex- 
pression within  the  bracket  10.6®  (see  first  column);  for  V— V, 
0.0054**,  for  O'—O,  2.618''  and  for  »V,  5X(— 0.0028)=  — o-oh** 
(see  middle  column);  whence  C  =  +  0.0079**  (see  first  column). 

Applying  the  thermometer  and  radiation  corrections,  we  have 
2.617  +  0.0026  +  0.0079  =  2.6275  as  the  rise  of  temperature  in 
true  d^;rees  (see  "Final  Calculation"  in  last  column).  The  total 
hydrothermal  value  (water  +  hydrothermal  equivalent  of  appa- 
ratus) being  2100  grams,  the  quantity  of  heat  set  free  in  the  appa- 
ratus must  have  been  2.^275  X  2100  =  5517.8  calories. 

Correction  for  Accessory  Combustions. — The  weight  of  the  iron 
wire  was  13  mg.  The  quantity  unburned  was  i.i  mg.  The 
quantity  burned  was  therefore  11.9  mg.  The  specific  heat  of  com- 
bustion of  iron  being  1601  calories,  the  heat  of  combustion  of  11.9 
mg.  is  11.9X  1.6=19  calories.  The  quantity  of  naphthalene 
kumcd  was  6j^  mg.,  which  yields  6.4  X  9.63  =  6i.6  calories,  the 
specific  heat  of  combustion  of  naphthalene  being  9628  calories. 
The  heat  from  the  combustion  of  nitrogen  as  determined  by  titra- 
tion of  the  nitric  acid  is  6.6  calories..  The  total  heat  from  acces- 
sory combustions  is  therefore  19  -f-  61.6  +  6.6  =  87.2  calories. 

Deducting  this  quantity  from  the  total  heat  set  free  in  the  appa- 
ratus, we  have  5517.8  —  87.2  =  5430.6  calories  as  the  heat  due  to 
die  combustion  of  the  sugar.  The  quantity  of  sugar  burned  was 
1.3718  grams.  The  specific  heat  of  combustion  according  to  this 
determination  is  therefore  5430.6  -r-  1.3718  =  3959  calories. 

It  will  be  fcnind  convenient  to  have  tables  mounted  on  cards, 

*  The  ctaftage  in  actuAlly  •  Hm  bat  for  oonvenience  in  mattaemAtical  CAlculatioti  it  U 
hetc  fipnitd  as  a  faU  in  temperature.    The  value  of  V  thua  becomea  negative. 

'  Thethange  ia  Rtanermlly  a  fall  In  temperature.  Somctimea,  however,  the  initial  tem- 
pnatate  of  the  water  or  the  quantity  of  beat  aet  free  may  be  auch  that  final  temperature 
of  the  caloriafeter  will  be  lower  than  that  of  the  aurroundinga,  in  which  caae  there  will  be 
a  rise  of  temperatsre  and  the  value  of  V  will  be  negative. 
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giving  the  heat  of  combustion  of  quantities  of  naphthalene  weigh- 
ing from  4  to  10  mg.  and  of  quantities  of  iron  weighing  from  10 
to  20  mg.  The  weights  may  be  expressed  to  tenths  of  nrilligrams 
and  the  heat  quantities  to  tenths  of  calories.  If  iron  wire  of  uni- 
form diameter  is  used;  the  quantities  of  iron  may  be  more  con- 
veniently expressed  in  lengths  instead  of  weights.  The  specific 
heat  of  combustion  of  naphthalene  is  9628  calories  and  that  of 
iron  1601  calories. 

Heat  Unit. 
The  unit  in  which  the  heat  of  combustion,  as  thus  calculated,  is 
expressed  is  the  quantity  of  heat  necessary  to  raise  the  tempera- 
ture of  I  gram  of  water  i^  at  the  temperature  which  the  water  has 
in  the  determination  in  question.  (In  the  above  example  it  ranges 
from  23.8**  to  264"^.)  Since  the  variations  in  the  specific  heat  of 
water  between  15^  and  30^  are  small/  it  scarcely  seems  necessary 
to  correct  results  obtained  at  any  ordinary  room  temperature  for 
the  variation  of  the  specific  heat  of  water  from  its  value  at  15**  or 
20®  C.  No  error  of  any  consequence  will  be  committed,  for  in- 
stance, by  taking  3959  calories  as  the  determined  specific  heat  of 
combustion  of  cane-sugar,  whether  the  Calories  be  defined  as  the 
heat  necessary  to  raise  the  temperature  of  i  gram  of  water  from 
iS^-ie*'  or  from  20^-21*  C. 

Reduction  to  Constant  Pressure. 
The  heat  of  combustion  determined  in  the  bomb  calorimeter  is 
that  at  constant  volume,  while  the  heats  of  combustion  customarily 

>  The  following  table  givct  the  rcmilu  of  determinationt  of  the  specific  heat  of  water 
at  i5«  and  30^  bj  different  eicperimenteri  and  diiferent  methods.  The  specific  heat  at  mP 
is  taken  as  unity. 

SFBCIPXC  HitAT  OF  WATWa.  AT  IS?  AND  J/Bf  RBrBRRBD  TO  THAT  AT  SO^. 

Specific  heat  of  water. 

• .    Difference. 

Bzperimenter.  Method.  at  15®.       st  yP.       30-15^' 

Bartoli  and  Stiaodatii Mixtures.  1.0005       x.0014      — ^0009 

LudinS "  1.0C09      0.9999       +0.0010 

Rowland* Prictional  heating.      1.0014       0.99B6       +0.0036 

Griffiths* Blectrical  heating.      1.0014       

Callendar  and  Barnes^ 1 0010      0.9987       +0.0093 

1  Bartoli  and  Stracdati :  Estratti  dai  Nnovo  Cimunto,  Series  3.  Vol.  3a.  (1891).  We  have 
derived  the  figures  ftom  a  table  by  Pernet  in  I<ouguinine's  BaUmmungder  yerbrennungt^ 
wArwu,  p.  18. 

*  I«udin :  Inaugural  DisserUtion,  Zurich,  1893.  We  have  derived  these  figures  ii^so 
from  Pemet's  tsble. 

*  As  corrected  by  Waidner  and  Mallory,  Pkyt,  Revuw^  %,  23a  (1899). 

«  Value  corrected  by  P.  A.  Wolff,  Johns  Hopkins  Univ.  Circular,  June,  1898,  cif'*«  by 
Waidner  and  Mallory,  Loe,  cit.,  p.  335. 

*  Callendar  and  Barnes :  Pkys.  jRevuw,  lo,  213  (1900). 
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taimiated  and  used  are  those  at  constant  pressure.  To  reduce 
the  nxriecular  heat  of  combustion  of  a  sdid  or  liquid  compound, 
CnRpHrOq,  at  constant  volume  to  that  at  constant  pressure,  it  is 
necessary  to  add  (yip  —  q  —  f)T  calories  where  T  =  the  abso- 
hte  temperature  of  the  calorimeter.^  To  reduce  the  specific  heat 
of  combustion  at  constant  volume  to  that  at  constant  pressure  the 
tenn  to  be  added  is,  therefore,  i}i p  —  q  —  r)T-r-M,  where 
H  =  the  nxriecular  weight  of  th/e  substance.  For  carbohydrates, 
this  correctinp^  term  is  zero,  t.  e.,  the  heats  of  combustion  at  con* 
stant  volume  and  at  constant  pressure  are  identical.  For  tripal- 
mitin  it  amounts  to  +  15-6  calories,  for  tristearin  to  +  i^-l 
calories,  and  for  triolein  to  +  ^5*^  calories.  For  protein  it 
amoonts  to  about  +  3  calories. 

With  food  materials  in  general,  therefore,  the  heats  of  combus-. 
tioQ  obtained  by  the  bcnnb-calorimeter  should  be  increased  by 
15-16  calories  for  each  gram  of  fat  and  by  3  calories  for  each 
gram  of  protein. 

m.    I^TCRMINATION  OP  THE  HYDROTHERMAL  EQUIVALENT  OP  THE 
CAIX)RIMETER. 

Now  that  the  heats  of  combustion  of  many  compounds  are 
aocnratdy  known,  the  most  convenient  and  satisfactory  method 
for  die  determination  of  the  hydrothermal  equivalent  of  a  bomb- 
calorimeter  is  to  bum  weighed  quantities  of  such  compounds  in 
the  bomb  inunersed  in  a  known  quantity  of  water.'  From  the 
observed  rise  of  temperature  and  the  known  heat  of  combustion  of 
the  compound  used,  the  total  water  value  of  the  calorimeter  system 
is  caknlated.  Deducting  from  this  the  quantity  of  water  used,  we 
hare  the  water  value  of  the  calorimeter  itself. 

The  substances  used  in  these  determinations  should  be  such  as 
can  easily  be  obtained  pure  and  preserved  without  risk  of  change 
h)r  ddiquescence,  oxidation,  decomposition  or  otherwise.  Their 
heats  of  combustion  should  have  been  determined  in  calorimeters 
vhose  hydrothermal  equivalents  have  been  learned  by  other 
toethods.*  Those  which  have  been  determined  by  several  investi- 
gators, independently  and  with  closely  accordant  results,  are  to  be 
Referred.    Stohmann  selected  hippuric  acid,  benzoic  acid,  cane- 

*  See  Bnfheksl :  Tktnmoekimie,  a,  30  (1897). 

•  ttotaaaa :  /.  ppnAt  CUn.,  IS7. 99  (1894). 

'  ^  dcacrlpCiotM  of  imch  methods  sec  Stohmann,  Kleber  and  l^ngbtAn:  J,  praki, 
^^^■47.  S^  (1889);  Bcfthelot:  7>mM ^aeitfus dt  caknrimHrU ckimiqut,  I44ff.;  Wiley 
•IH^;  Tlliajoanml.  if,  439  (1897). 
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sugar  and  camphor  as  suitable  for  the  purpose,  thcise  being  sub* 
stances  for  whose  heats  of  combustion  fsiirly  accordant  values  had 
been  obtained  in  his  own  laboratory  and  that  of  Berthelot.  We 
have  used  substances  of  which  we  had  specimens  known  to  be  pure 
from  previous  deterhiinations  of  carbdn,  hydrogen  and  nitrogen 
and  which  were  at  the  same  time  substances  with  regard  to  whose 
heat  of  combustion  Stohmann  and  Berthelot  were  in  approximate 
agreement.  The  substances  happen  to  be  the  same  as  those 
recommended  by  Stdimanti,  except  that  we  have  used  glycocoU 
instead  of  camphor. 

Camphor,  hippuric  acid  and  benzoic  add  are  ignited  directly  by 
the  heated  iron  wire  but  with  cane-sugar  and  glycocoU  a  kindler 
(a  naphthalene  crystal)  should  be  used. 

The  following  are  the  specific  heats  of  combustion  of  the  five 
substances  in  question. 

Stohmann  used  his  own  figures  in  preference  to  those  of  Berthe- 
lot.   We  have  used  the  average.* 

Stohmann.  Berthelot.  Tower.*  Average. 

GlycocoU 3129.1  3133.6  3131 

Cade-sugmr 3955.2  3961.7  3958.7  3959 

Hippuricadd 5668.2  56S9.3  5664 

Benzoic  add 6322.3  6322. i  —  6322 

Camphor 9291.6  9288.0  ....  9290 

In  order  to  check  the  accuracy  of  the  bomb,  it  is  customary  in 
this  laboratory  to  make  a  combustion  of  cane-sugar  about  every 
two  weeks.  The  average  of  the  last  twenty  combustions  thus 
made  is  3959.3  calories  per  gram.  The  minimum  result  was  3948 
and  the  maximum  3967. 

If  m  be  the  number  of  grams  of  substance  burned,  g^  the  heat 
of  combustion  per  gram,  the  quantity  of  heat  liberated  by  the  com- 
bustion will  be  mq^  calories.  If,  at  the  same  time,  g,  calories  are 
produced  by  the  accessory  combustions  of  iron  wire,  of  nitrogen 
and  of  kindling  material  (such  as  naphthalene),  the  total  heat,  q, 
set  free  within  the  calorimeter  will  be  9  =  mq^  +  q^ ;  and  if  ^  be 
in  degrees  centigrade,  the  observed  rise  of  temperature  (corrected 
for  thermometer  calibration  and  for  influence  of  surroundings  of 

I  That  Stohmann's  methods  of  manipalatioo  were  more  painaUkiac  than  Bcrtheloc*8 
Is  very  plain  to  one  who  has  seen  both  as  actually  carried  out  in  their  respective  labora- 
tories. At  the  same  time,  Stohmann*s  spedal  refinements  probably  made  but  little  differ* 
o^  in  the  actaal  results.  W.  O.  A. 

*  CnpuUished  ezperimenU  made  in  this  laboratory. 
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calorimeter),  w  the  weight  of  water  used,  and  a  the  required 
hydrothermal  equivalent,  evidently  q=:  (w  +a)t,  whence 

t 
The  method  of  calculation  is  illustrated  by  the  following  ex- 
ample: 

Heat  liberated 
Quantitv  Specific  beat       by  the  com- 

Durnea.  of  combustion.         bustion 

Subctance.  Grams.  Calories.  Calories. 

Cane-sugar  i.oi 77  3959               4029.0 

{Iron s 0.0201  1600                  32.2 

Naphthalene 0.0078  9628     •              75.  i 
Nitrogen  (by  titration  of 

the  nitric  add  formed)  6yo 

Total  heat  liberated,  q 4142.3 

Corrected  rise  of  temperature,  / i  .975 1  ** 

Weight  of  water  used  in  calorimeter,  w  1685  g. 

thence,  a  =  ^'4^-3 _  ^^^  ^ ^,3  grams. 
1.9751        •   ^      •*     « 

A  number  of  determinations  (at  least  three)  of  a  are  made  in 
4is  way  with  each  of  three  or  four  substances.  The  triplicate 
results  with  each  substance  should  agree  very  closely  with  each 
other  as  should  the  several  averages  of  these  triplicates.  If  the 
httcr  do  not  differ  by  more  than  a  few  {e.  g.,  5)  grams,  the 
wrage  of  these  averages  may  be  taken  as  the  correct  hydro- 
themial  equivalent  of  the  calorimeter. 

To  insure  that  the  hydrothermal  equivalent  thus  obtained  shall 
be  actually  that  of  the  apparatus  as  used  subsequently  for  deter- 
niinations  of  heats  of  combustion,  the  quantity  of  water  used  in 
the  calorimeter  in  the  determinations  of  the  hydrothermal  equiva- 
lent should  be  as  nearly  as  possible  the  same  as  in  the  regular  de- 
tenninations.  In  the  above  example,  for  instance,  1685  grams  of 
water  were  used,  because  we  knew  that  the  hydrothermal  equiv- 
alent was  not  far  from  415  grams  and  it  was  our  intention  to  have 
regularfy  a  total  water-value  (water  +  hydrothermal  equivalent) 
of  2100  grams. 

A  tolerably  close  estimate  of  the  hydrothermal  equivalent  may 
be  made  in  advance  of  the  accurate  determinations  by  calculation 
from  the  weights  and  specific  heats  of  the  materials  of  which  the 
calorimeter  is  constructed,  only  those  parts  being  taken  into 
*wmnt  which  share  the  temperature  rise  of  the  water.    These  are, 
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of  course,  the  water  cylinder,  the  lower  parts  of  the  thermometer, 
the  lower  part  of  the  stirrer,  and  the  bomb  with  its  contents.  A 
statement  of  the  weights  of  the  component  materials  is  furnished 
with  each  of  the  calorimeters  here  described.  The  following  are 
the  specific  heats  as  nearly  as  we  know  them : 

Material.  Sp.hcaL  Souroe  of  figure*. 

Bomb: 

Tool  steel 0.1087        Detennined  by  Dr.  Tower. 

Hotchkiu  gun  steel 0.1114  *•  "     "        •• 

Platinum 0.032       J  SmithwnianPhyi.  Tables. and 

^         I  ed..  Washington,  1903,  p.  296. 

Lead 0.030       /  Smithsonian  Phys.  Tables,  2nd 

•  -^      \  ed.,  Washington,  1903,  p.  296. 

German  silver 0.094      {^""/^y^^"'  ^^^  Roy.  Soc., 

Oxygen  (constantvolume) o.,57  { pu^fe^^^^^^^ 

WaUr-cy Under: 

/  90  pet.  tin 0.054  Smithsonian  Phys.  Tables. 

Britannia-metal  J    7  pet.  antimony  0.049  "  **  ** 

I   3  pet. copper..  0.092  "  "  •* 

Stirrer: 

Brass 0.094  Kohlrausch,  Phys.  Meas. 

Thermometer  ;* 

Mercury 0.033  Smithsonian  Phys.  Tables. 

Glass 0.19  Kohlrausch,  Phys.  Meas. 

IV.      ACCURACY  OF  THE  METHOD. 

Theoretical  Discussion. 
If  m  be  the  quantity  of  substance  burned,  A  =  a  +  «^>  the  hydro- 
thermal  value  of  the  calorimeter  system,  a  being  the  hydrothermal 
equivalent  of  the  apparatus  and  w  the  weight  of  the  water,  and  i 
the  rise  of  temperature  of  the  system  due  to  the  combustion ;  then 

the  specific  heat  of  combustion  of  the  substance,  ^  =  — . 

From  this  formula  it  is  clear  that  errors  making  A  or  /  too 
large  or  m  too  small  will  make  q  too  large  in  the  same  proportion, 
and  errors  making  A  or  ^  too  small  or  m  too  large  will  make  q  too 
small  in  the  same  proportion.  An  error  in  a,  the  hydrothermal 
equivalent  of  the  apparatus,  will  affect  equally  all  determinations 
made  with  that  apparatus,  i,  e.,  will  produce  the  same  percentage 
error  in  each.  Errors  in  m,  w,  or  /,  on  the  other  hand,  will  affect 
only  the  individual  determination. 

1  We  have  found  by  examination  of  a  broken  Pueaa  thermometer  of  the  kind  vaed  hi 
thia  laboratory  and  described  above,  that  the  portion  immersed  in  the  calorimeter  water 
consiats  of  about  8.5  grmma  glass  and  32.5  grams  mercury. 
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Allbwiii$r  a  possible  error  of  ±0.0002  grains  in  weighing  the 
substance,  we  have  a  possible  error  in  m  and  therefore  also  in  q  of 
±0.02  per  cent,  when  i  gram,  or  of  dbo.04  percent,  when  0.5 
gram  is  used.  Allowing  a  possible  error  of  ±  i  gram  in  the  weigh- 
ing of  the  water,  the  possible  error  in  h,  leaving  out  of  considera- 
tion the  constant  error  in  a,  is  dbo.05per  cent,  on  a  hydrothermal 
value  of  2100  grams.  The  possible  error  due  to  /  will,  however, 
be  greater.  ±0.001*  must  be  allowed  on  each  reading  of  the 
thermometer  or  dbo.002**  on  the  two  readings  necessary  to  deter- 
mine a  temperature  difference.  In  addition,  the  correction  for  the 
influence  of  the  surroundings  upon  the  temperature  of  the  calo- 
rimeter IS  uncertain.  If  we  allow  another  dbo.002®  (which  is 
probably  a  liberal  estimate)  for  error  here,  we  have  a  possible 
total  error  of  ±0.004°.  In  the  mea.surement  of  temperature  differ- 
ences of  from  1°  to  4**,  the  maximum  errors,  on  the  above  assump- 
tion, will  be  from  0.4  to  o.i  per  cent. 

It  is  clear,  then,  that  for  accurate  results  the  greatest  care  is 
needed  in  the  temperature  measurements.  To  secure  this  accu- 
racy: 

(i)  The  quantity  of  substance  burned  should,  if  practicable,  be 
large  enough  to  give  a  rise  of  from,  say,  2"*  to  3.5**.  In  other 
words,  if  the  water-value  of  the  calorimeter  be  made  2100  grams, 
a  quantity  sufficient  to  yield  4000  to  7000  calories  or  a  little  more 
should  be  used. 

(2)  The  thermometer  must  be  accurate  and  must  be  accurately 
read  and  corrected. 

(3)  The  temperature  of  the  air-space  immediately  surrounding 
the  metal  cylinder  should  be  kept  constant  throughout  each  experi- 
ment so  that  the  conditions  may  be  correct  for  the  application  of 
the  Regnault-Pfaundler  "radiation  correction"  (see  above).  So 
far  as  we  are  aware,  the  most  accurate  experimenters  in  this  field 
work  in  rooms  of  constant  temperature,  and  some  protect  their 
calorimeters  from  radiation  from  the  observer's  body  by  enclosing 
them  in  metal  cylinders  having  double  walls  with  interspaces  filled 
with  water.  According  to  our  experience,  however,  the  two  in- 
durated fiber  cylinders  of  our  calorimeter  afford  sufficient  pro- 
tection, and  reasonably  accurate  determinations  may  be  made  in 
an  ordinary  laboratory  room,  provided  the  temperature  is  nearly 
constant  during*  each  experiment.  We  have,  however,  arranged  a 
smail  room  in  the  center  of  the  basement  of  our  laboratory  for  this 
special  work. 
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Accuracy  of  Actual  Determinations. 

In  the  actual  use  of  the  apparatus,  the  accuracy  attained  is 
about  what  would  be  expected  from  the  foregoing  considerations. 
Thus,  in  thirteen  determinations  of  the  heat  of  combustion  of  ben- 
zoic acid,  made  by  three  observers  in  this  laboratory,  the  average 
deviation  of  the  individual  results  from  the  mean  was  +0.16  per 
cent,  and  the  maximum  deviation  —0.35  per  cent.  The  minimum 
quantity  of  substance  burned  being  0.8  gram,  we  should  anticipate 
a  possible  error  of  dio.03  per  cent,  in  the  weighing.  The  mini- 
mum rise  of  temperature  produced  in  the  calorimeter  being  2.5*, 
we  should  look  for  a  possible  error  of  ±0. 16  per  cent,  in  the  deter- 
mination of  the  temperature  difference.  Allowing  a  possible  error 
of  ±0.05  per  cent,  in  the  weighing  of  the  water  and  leaving  out  of 
consideration  personal  error  and  error  due  to  the  use  of  different 
apparatus,  we  should  expect  to  find  a  maximum  error  of 
0.03  +  0.16  +  0.05  =  ±0.24  per  cent,  in  the  individual  results. 
The  actual  maximum  error  was,  as  just  stated,  — 0.35  per  cent. 
The  difference  barely  exceeds  that  between  the  specific  heat  of 
water  at  15®  and  at  30**  (see  p.  690,  foot-note). 

That,  in  general,  the  actual  determinations  on  solids  and  homo- 
geneous liquids  have  very  nearly  theoretical  accuracy  is  shown  by 
the  following  comparison  of  anticipated  errors,  estimated  in  the 
manner  just  illustrated,  with  the  actual  deviations  of  the  results 
of  individual  determinations  from  the  average  of  those  results. 

Mazimoin  error. 
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This  ccHnparison  indicates  pretty  clearly,  we  think,  that  with 
suhstances  of  these  classes,  there  cannot  be  any  very  important 
sources  of  error  other  than  those  discussed  above,  also  that  the 
allowance  of  ±0.002**  for  uncertainty  in  the  radiation  correction 
is  ample. 

From  the  table,  it  would  appear  that  the  determinations  on  sub- 
stances of  mixed  composition  were  actually  more  accurate  than 
those  on  pure  chemical  compounds.  The  explanation  of  this  is, 
doubtless,  partly  that  in  the  case  of  the  substances  of  mixed  com- 
position, the  quantities  burned  were  such  as  to  set  free  larger 
quantities  of  heat,  thus  reducing  the  anticipated  maximum  error, 
and  partly  that  on  these  substances  the  duplicate  or  triplicate  de- 
tenninations  on  each  sample  were  made  by  a  single  observer  with 
a  single  apparatus,  while  the  determinations  on  benzoic  acid, 
hippuric  acid,  cane-sugar,  etc.,  were  made  by  more  than  one 
observer  with  more  than  one  apparatus. 

W  ith  a  substance  of  uniform  composition,  combustible  without 
the  aid  of  a  kindler,  it  is  a  safe  practical  rule,  in  case  only  two 
determinations  are  ordinarily  made,  to  make  an  additional  determi- 
nation whenever  the  duplicates  vary  from  each  other  by  0.5  per 
cent,  or  more  C**-  ^•»  ^^^^  ^^^^^  average  by  ±0.25  per  cent,  or 
more)  and  in  case  three  or  more  determinations  are  made,  to  reject 
results  varying  from  the  average  by  over  =bo.4  per  cent. 

Where  a  kindling  substance  is  used,  especially  when,  as  in  the 
combustion  of  urine  on  cellulose  blocks,  the  kindler  furnishes  a 
considerable  prof>ortion  of  the  total  heat  measured,  greater  latitude 
between  duplicates  must  be  allowed  and  lower  accuracy  of  result 
accepted.  If  20  cc.  of  urine  (a  little  over  20  grams),  having  a 
specific  heat  of  combustion  of  1 10  calories,  be  burned  with  a  cellu- 
lose block  yielding  2200  calories,  the  maximum  error  anticipated 
will  be  =±=0.4  per  cent,  in  the  determination  of  the  temperature 
difference  and  about  ±0.2  per  cent,  due  to  the  use  of  the  kindler, 
or  about  :^o.6  per  cent,  in  all.  Duplicates  varying  by  less  than 
i^  per  cent,  should,  therefore,  not  be  rejected,  but  an  additional 
dctemiination  should  be  made  in  case  the  duplicates  differ  by  over 
0.5  per  cent- 

With  milk,  owing  to  the  great  difficulty  of  taking  uniform 
fiunples,  the  variations  between  duplicates  sometimes  amount  to  2 
per  cent,  or  more.  Where  such  wide  differences  occur,  a  third 
determination  is  obviously  necessary,  but  until  a  better  method  of 
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sampling  milk  is  devised,  we  must  be  content  to  accept  less  accu- 
rate results  with  this  substance  than  we  are  able  to  obtain  with 
solids  and  with  liquids  of  uniform  composition. 

Verification  by  the  Respiration  Calorimeter. 

Experimenters  with  the  bomb-calorimeter  have  felt  the  lack  of 
an  absolute  standard  for  verification  of  the  accuracy  of  the  results 
obtained  by  its  use.  Such  a  verificatkMi  is  found  in  comparative 
measurements  of  the  heat  of  combustion  of  alcohol  by  the  bomb- 
calorimeter  and  by  the  Atwater-Rosa  respiration  calorimeter*  in 
this  laboratory. 

To  establish  the  accuracy  of  this  latter  apparatus  as  a  calorim- 
eter, known  amounts  of  heat  are  introduced  electrically,  and  are 
measured  by  the  apparatus.  In  the  average  of  a  large  number  of 
determinations,  the  disparity  between  the  amounts  introduced  and 
the  amounts  as  measured  has  been  about  i  part  in  10,000. 

The  accuracy  of  the  apparatus  for  the  determination  of  heat 
being  thus  shown,  considerable  quantities  of  alcohol  are  burned  in 
the  respiration  chamber  during  long  periods  (about  40  grams  per 
hour  during  periods  of  twelve  to  one  hundred  hours  each)  and  the 
heat  thus  produced  is  measured  and  the  heat  of  combustion  per 
gram  of  alcohol  is  determined.  Aside  from  the  possibility  of  a 
slight  error  in  the  figure  0.592,  which  was  employed  for  the  latent 
heat  of  evaporation  of  water,  it  seems  hardly  probable  that  there 
can  be  any  considerable  error  in  the  average  of  the  results  obtained. 
Omitting  from  consideration  the  experiments  in  which  obvious 
disturbing  factors  influenced  the  results,  and  considering  only  the 
experiments  of  the  past  three  years,  during  which  earlier  errors  of 
various  kinds  were  eliminated,  eleven  series  of  experiments  per- 
formed during  the  years  1900-2  gave  figures  for  the  heat  of  com- 
bustion of  alcohol  which  averaged  7090  calories  per  gram.  The 
maximum  and  minimum  figures  wer^  71 11  and  7048  respectively, 
the  range  of  error  being  thus  ±0.6  per  cent.  The  average  of  six 
determiiiations  with  the  bomb-calorimeter,  corrected  for  constant 
pressure,  was  7.095  calories,  the  maximum  and  minimum  being 
7 1 10  and  7068  respectively,  and  the  range  of  error  ±0.4.  In 
other  words,  the  average  of  the  determinations  with  the  bomb 
differs  from  that  with  the  respiration  calorimeter  by  only  0.07  per 
cent. 

1  U.  S.  Dept.  Agr.,  Office  of  Bzperimeni  Stations,  Bulletins  63,  69  and  109. 
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We  thus  have  a  standard  to  which  the  determinations  by  the 
bomb-calorimeter  are  referable  and  which  shows  them  to  be  cor- 
rect. 

CHSmCAI.   I«ABO&ATORT, 
WBSLXTAXr  Ukivb&sity. 


PETROLEUn  IN  CALIFORNIA. 

By  Bdmond  O'Nbxll. 

Received  Febmary  9.  1903. 

Within  the  last  few  years  California  has  developed  a  new  in- 
dustry, that  of  petroleum.  The  knowledge  that  it  existed  is  not 
new.  Seepages  occur  in  various  parts  of  the  State,  and  natural 
gas  is  found  over  a  very  large  area.  Immense  deposits  of 
asphaltum  occur  in  the  southern  counties  and  were  used  by  the 
early  Mission  Fathers.  Attempts  were  made  to  distil  the  crude 
oil  and  in  1855,  ^^^^  erected  a  small  refinery. 

The  discovery  of  oil  in  Pennsylvania  produced  great  excitement, 
not  only  in  the  east  but  in  California.  Claims  were  located  in  all 
parts  of  the  State  and  companies  formed  to  work  them.  In  1865 
there  were  sixty-five  companies  in  existence  with  a  nominal  capital 
of  $45,000,000.  Oil  properties  were  exploited  in  every  county 
from  Humboldt  to  San  Diego,  but  there  was  no  apparent  success, 
owing  to  lack  of  prospecting,  insufficient  depth  of  wells,  and  to 
the  opinion  of  eminent  chemists  and  geologists  that  the  oil  would 
not  be  found  in  large  quantities,  and  could  not  be  refined. 

Petroleum  occurs  in  every  part  of  the  State,  but  as  yet  only  the 
southern  part  yields  any  large  quantity.  Ventura,  Los  Angeles, 
Orange,  Santa  Barbara,  Kern  and  Fresno  Counties  furnish  prac- 
tically all  the  oil  that  is  produced,  although  in  many  other  counties 
smaH  yields  have  been  obtained. 

Los  Angeles,  in  common  with  other  districts,  was  exploited  nearly 
forty  years  ago,  but  no  oil  was  obtained.  The  wells  were  not 
bored  deep  enough.  >Jothing  further  was  done  for  thirty  years, 
until  in  1892  a  well  365  feet  deep  was  sunk  and  yielded  oil.  In 
three  years,  more  than  300  wells  were  drilled  and  most  of  them 
yielded  oil.  Other  districts  in  the  neighborhood  were  exploited, 
and  hundreds  of  new  wells  located.  The  production  of  oil  rapidly 
increased  until  in  1897  it  had  reached  1,400,000  barrels.  The 
total  amount  of  oil  obtained  from  the  Los  Angeles  district  amounts 
tamore  than  9,000,000  barrels.     About  1400  wells  have  be.n  dug. 
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none  of  them  very  deep.  The  oil  sand  averages  about  60  feet 
in  thickness.  A  second  sand  has  been  worked  with  profit,  and  it 
is  believed  that  a  third  sand  exists. 

Other  districts  in  Los  Angeles  County  have  been  worked  for 
oil,  the  principal  ones  being  Whittier,  Fullerton  and  Puento.  This 
oil  is  usually  light  in  gravity,  so  much  so  that  the  most  of  it  is 
distilled  and  only  the  residuum  used  for  fuel.  In  Ventura  County 
there  are  more  than  500  wells,  over  300  of  them  being  worked  now ; 
they  are  from  500  to  2000  feet  deep.  Practically  all  are  owned  by 
the  Union  Oil  Company.  In  Santa  Barbara  County,  oil  seepages 
have  long  been  known.  In  1895  some  wells  were  dug  on  the 
beach  at  Summerland,  and  oil  was  struck  at  the  depth  of  only  125 
feet.  The  deepest  are  only  about  400  feet.  Since  then  more  than 
300  wells  have  been  bored,  some  on  the  beach  and  some  on  the 
oceah,  400  to  1200  feet  from  the  shore.  Some  of  the  wells  in 
other  districts  are  1000  or  more  feet  deep.  The  oil  is  heavy, 
averaging  about  14**  Be.  The  yield  is  between  8000  and  10,000 
barrels  a  month  but  has  been  much  more.  The  Fullerton  and 
Brea  districts  in  Orange  County  produced  last  year  over  1,000,000 
barrels.  The  oil  varies  greatly  in  gravity,  from  heavy,  14**  B6.,  to 
as  light  as  35**  B6. 

North  of  the  Tehachapi,  the  whole  valley  of  the  San  Joaquin 
seems  to  be  underlaid  with  oil,  although  as  yet  only  a  small  area 
is  worked.  The  principal  fields  are  in  Fresno  and  Kern  counties. 
In  Fresno  County  is  the  well-known  Coalinga  district.  This  field 
is  limited  in  extent,  extending  over  but  a  few  sections,  but  in  this 
area  there  are  very  many  wells.  Some  are  very  deep,  one  being 
2300  feet.  The  oil  is  of  different  qualities,  some  very  heavy  and 
black  in  color,  others  very  much  lighter,  about  35*"  Be.  There  are 
two  pipe  lines  to  transport  the  oil  to  the  railroad,  and  a  pipe  line 
to  the  ocean  is  about  to  be  commenced. 

Another  district  in  Fresno  that  has  produced  some  oil  is  Kreyen- 
hagen,  22  miles  southeast  of  Coalinga.  Like  Coalinga,  it  produces 
two  qualities:  one  green  and  light,  35''  Be.,  and  one  black  and 
heavy,  14**  B^.  Other  districts  have  been  prospected  but  they 
yield  little  or  nothing. 

In  Kern  County  we  come  to  the  largest  field  that  has  yet  been 
discovered.  It  has  developed  marvelously,  over  600  wells  have 
been  dug  and  nearly  all  are  producers.  Some  of  them  yield  only 
a  few  barrels  a  day  but  most  of  them  are  about  50-barreI  wells. 
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Some  have  produced  much  more :  200,  400  or  even  600  barrels  a 
day.  None  of  them  are  flowing.  The  average  depth  of  the  wells 
is  about  800  feet ;  -  scnne  are  less  than  50d  feet,  ^nd  the  deepest  are 
less  than  1 100  feet.  The  oil  is  thick,  black  and  heavy,  ranging  in 
gravity  from  9*  Be  to  22"*  Be.,  usually  being  from  14**  to  17**  Be. 
It  usually  carries  much  fine  sand,  irom  whkh  it  is  freed  by  settling. 
The  oil  is  sometimes  previously  thinned  by  heating  with  steam. 
The  oil  carries  large  amounts  of  asphaltum,  from  10  to  40  per  cent. 
The  present  well-defined  producing  area  of  the  Kern  River  district 
measures  about  5  miles  long  and  3  nfiles  wide,  the  longer  axis 
extending  in  a  northwesterly  direction,  and  the  thickness  of  the 
oil  sand  varies  from  50  to  400  feet,  a  large  proportion  being  of 
Ae  latter  depth.  The  limits  of  the  field  have  probaUy  not  been 
reached,  and  in  time  the  producing  area  will  probably  be  enlarged. 
ao,ooo  to  25,000  barrels  a  day  aire  shipped  from  this  district,  and 
iis  yield  could  be  increased  many  fold,  if  there  yras  a  sufficient 
demand.  Owing  to  the  lack  of  .demand  and  consequent  low  price 
of  oil,  many  of  the  wells  are. not  pumped,  the  owners  waiting  for 
better  prices.  A  pipe  line  is  being  constructed  by  the  Standard 
Oil  Company  from  Bakersfield  to  their  refineries  at  Point  Rich- 
mond on  San  Francisco  Bay,  a  distance  of  280  miles;  The 
pipe  is  8  inches  in  diameter;  covered  with  asbestos  and  buried. 
The  reason  for  this  is  that  the  oil  is  so  viscous  at  ordinary  temper- 
atures that  it  cannot  be  pumped.  It  must  be  heated,  and  at  every 
pomping  station,  which  are  27  miles  apart',  a  heating  plant  is  in- 
stalled. The  company  has  also  built  100.  37,soo*barrel  storage 
tanks  at  Bakersfield  and  two  75,Q0O-barrel  cement  reservoirs.  The 
large  area  of  the  field  and  the  great  thickness  of  the  oil  sand  indi- 
cate that  the  life  of  the  wells  will  be  very  Jong.  The  Kern  River 
fidd  is  the  most  important  in  Califoimia  and  produces  more  than 
half  the  entire  yield  of  the  State. 

Another  part  of  Kern  County  where  p6tn>l^m  is  found  is  the 
McKittrick  district.  Here  are  large  deposits  of  asphaltum  that 
arc  worked  by  the  Southern  Pacific  Railroad.  They  have  built  a 
branch  65  miles  long,  terminating  at  Asphalto.  This  district  Con- 
tains a  few  good  wells,  but  many  are  useless.  Sortie  give  very 
la^  amounts  of  water.  The  oil  is  light,  about  33 "",  and  the  yield 
is  about  50,000  barrels  a  month.  A  third  district  in  Kern  County 
is  the  Sunset.  This  has  also  been  worked,  for  asphaltum  for 
nearly  ten  years..    It  has  lately  been  developed  for  cril.    Over  fifty 
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companies  are  operating;  scxne  have  good  wells,  as  much  as  loo 
barrels  a  day,  but  most  of  them  are  barren.  Nearly  all  are 
troubled  with  fine  sand  that  caves  in  and  chokes  the  wells  and  also 
remains  in  the  oil.  There  is  a  great  lack  of  water.  What  there 
is  is  usually  salt  or  alkaline.  Most  of  the  oil  is  heavy,  containing 
about  30  per  cent,  to  40  per  cent,  asphaltum  of  good  quality.  The 
asphaltum  for  a  time  was  more  valuable  than  the  oil,  owing  to  the 
lack  of  transportation.  This  has  been  remedied  by  the  railroad 
building  a  branch  line  connecting  at  Bakersfield.  The  adjoining 
Midway  district  appears  promising  but  as  yet  has  not  produced 
much. 

The  foregoing- are  the  districts  that  produce  practically  all  the 
oil  in  California.  But  it  has  been  found  in  greater  or  less  quantity 
in  almost  every  county,  and  also  in  parts  of  Or^[on,  Washington, 
British  Columbia  and  as  far  north  as  Alaska.  Some  of  the  coun- 
ties in  which  prospecting  has  been  carried  on  extensively  are,  all 
the  southern  counties  and  in  San  Benito,  Monterey,  Santa  Clara, 
San  Joaquin,  San  Mateo,  San  Francisco,  Alameda,  Contra  Costa 
Napa,  Sonoma,  Colusa,  Tdiama,  Mendocino,  Humboldt  and  Shasta 
Counties.  Occasionally  the  wells  have  been  bored  very  deep 
Some  in  Contra  Costa  and  San  Mateo  are  1200  fett  deep.  There 
is  a  well  in  Humboldt  in  the  Mattole  district  over  2000  feet  deep. 
They  have  all  yielded  a  small  amount  of  oil,  but  there  are  no  wells 
that  give  more  than  a  few  barrels  a  day.  The  oils  along  the  coast 
from  Santa  Clara  northwards  in  San  Mateo,  Mendocino  and  Hum- 
boldt Counties,  and  eastward  to  Colusa  County,  are  very  different 
in  quality  from  the  southern  oils.  They  are  lighter  in  color — 
usually  yellow — ^lighter  in  gravity,  varying  between  19**  Be.  and 
40°  Be.,  and  contain  a  paraffin  residue,  with  little  or  no  asphaltum. 

To  recapitulate,  we  find  that  oil  is  distributed  over  this  entire 
western  coast,  but  as  yet  practically  the  whole  amount  produced 
comes  from  a  few  districts  in  the  southern  part  of  California.  The 
following  table  compiled  by  Mr.  C.  L.  Yates  for  the  State  Mining 
Bureau,  will  illustrate  this. 

The  statistics  for  last  year  have  not  been  accurately  compiled, 
but  the  total  amount  produced  will  be  13,000,000  barrels.  In  spite 
of  this  greatly  increased  supply,  the  price  is  gradually  rising,  and 
when  the  present  long-term  contracts  have  expired,  the  price  will 
probably  go  still  higher. 

The  method  of  boring  wells  is  practically  the  same  as  used  in 
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the  east.  The  character  of  the  formations  passed  through  varies 
greatly  according  to  the  district.  As  the  Kern  River  district  is  the 
largest,  the  following  diagram  showing  a  t3rpical  well  is  given. 

There  is  apparently  much  difference  in  the  quality  of  California 
petroleums  obtained  from  different  localities,  but  actually  they  are 
very  much  the  same.  The  differences  probably  result  from 
natural  distillations  or  filtrations,  a  lighter  oil  being  obtained, 
leaving  a  heavy  residue  containing  asphaltum.  Extreme  variation 
is  from  lo"*  Be.  for  oils  of  the  McKittrick  and  Sunset  district;  to 
35**  Be.  for  Coalinga  and  Puento.  A  water-white  oil  is  found  in 
the  Newhall  district  that  has  a  gravity  of  only  50^  Be.  and  leaves 
scarcely  any  residuum.  It  is  evidently  a  natural  filtrate  or  distil- 
late. San  Mateo,  Colusa  and  Humboldt  oils  are  apparently  very 
different  from  most  of  the  others,  as  they  apparently  contain  little 
or  no  asphaltum.    They  have  a  gravity  of  from  17°  to  50*  Be. 

Chemically  considered,  California  petroleums  seem  to  be  inter- 
mediate between  Eastern  and  Russian  oils.  They  contain  paraf- 
fins, benzenes  and  naphthenes.  Most  of  them  contain  nitrogen  and 
sulphur.  The  sulphur  seems  to  be  contained  in  a  volatile  body^ 
and  is  frequently  almost  entirely  removed  in  a  fraction  boiling 
between  comparatively  narrow  limits. 

The  chief  use  of  California  crude  petroleum  is  for  fuel.  Many 
of  the  large  steam  plants  have  discarded  coal  and  now  bum  oil. 
The  annual  consumption  of  coal  in  California  has  been  nearly 
2,000,000  tons,  and  nearly  half  of  this  has  been  displaced  by  oil. 
Crude  oil  in  bulk  does  not.  bum  readily,  especially  if  it  is  heavy. 
A  special  form  of  bumer  must  be  used.  The  usual  method  is  to 
inject  the  oil  in  a  very  fine  spray,  by  means  of  steam,  and  the 
heated,  finely  divided  particles  will  bum  easily  and  completely. 

As  the  flame  is  exceedingly  hot,  it  is  directed  on  to  brickwork  on 
the  bottom  of  the  fire-box,  and  the  boiler  heated  to  a  large  extent 
by  radiation.  The.  intense  heat  is  wearing  on  the  boilers,  but  the 
advantages  of  oil  over  coal,  especially  on  this  coast,  are  many.  It 
is  more  convenient  to  handle, — it  is  cleaner  and  it  is  cheaper.  The 
liquid  oil  is  transported  much  more  easily  than  the  solid  coal. 
When  properly  bumed,  there  is  no  smoke  or  soot  or  cinders. 
There  are  no  ashes,  so  the  boiler  tubes  do  not  get  stopped  up.  Oil- 
heating  is  particularly  desirable  for  locomotive  engines.  Ease  of 
loading  and  firing  and  absence  of  cinders,  with  consequent  comfort 
to  passengers,  and  no  danger  of  setting  fire  to  grain  fields  or 
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fences,  are  self-evident  advantages.     In  Russia,  nearly  all  the 
locomotives  are  thus  run.    Many  of  the  engines  in  this  st&te  are 
oil  burners,  and  it  is  only  a  question  of  time  when  practically  all 
will  be  altered.    The  cheapness  depends  partly  on  the  relatively 
greater    economy    in    handling    and    partly    on    the    greater 
heating  value  as  compared  with  coal.    Seven  barrels  of  oil  will 
weigh  about  a  ton;  at  a  cost  of  $1.25  per  barrel,  this  would  be 
equivalent  to  $8.90  per  ton ;  at  $1.50  per  barrel,  $10.50  a  ton.    But 
the  heating  value  of  oil,  weight  for  weight,  is  greater  than  that  of 
coal.   From  a  number  of  experiments  we  have  made  in  our  labora- 
tory, we  find  that  the  heating  value  of  California  oil  is  between 
10,000  and  11,000  calories,  averaging  about  10,500.    The  best 
coals  of  this  coast  average  7,000  to  8,000  calories,  and  the  usual 
steam  coals  much  less.    Gxnparing  the  cost  of  coal  and  oil  at 
the  above  prices  as  to  the  theoretical  heat  value,  a  ton  of  oil  would 
be  worth  $6.00  to  $8.00  and  the  coal  $8.00  to  $9.00.    The  actual 
difference  is  very  much  greater  than  this,  as  there  is  much  less 
waste  in  oil  heating.    From  many  actual  experiments  made  under 
boilers,  it  has  been  found  that  from  4  to  4>4  barrels  of  oil  is  equiv- 
alent to  one  long  ton  of  good  coal,  a  saving  of  from  25  per  cent, 
to  40  per  cent.,  so  that  coal  cannot  compete  with  petroleum  at  the 
present  prices  nor  can  it  until  its  cost  is  reduced  to  between  $4.00 
and  $5.00  a  ton,  whereas  it  is  between  $7.00  and  $8.00  a  ton,  and 
the  best  qualities  bring  !rom  $10.00  to  $14.00.     Oil  is  selling 
in  San  Francisco  now  at  less  than  70  cents  a  barrel.    This  brings 
the  cost  of  fuel  on  this  coast  to  a  par  with  the  cost  in  the  east,  with 
its  consequent  great  advantages.    The  smelters  around  the  bay 
are  using  oil  with  a  saving  of  over  50  per  cent,  in  the  cost  of  fuel. 

Outside  of  fuel,  crude  petroleum  is  used  to  a  slight  extent  on 
this  coast  in  gas-making,  as  a  coarse  lubricant  and  as  an  insecticide 
in  the  orchards.  A  comparatively  small  amount  is  thus  consumed. 
The  Elmore  process  for  concentrating  ores,  which  employs  pettx)- 
leum,  may  consume  a  quantity. 

The  refining  of  oil  is  conducted  on  an  increasing  scale.  Thirty- 
three  refineries  are  now  in  operation.  The  capacity  varies  from 
50  to  2000  barrels  a  day,  the  aggr^;ate  amounting  to  from  8000  to 
10,000  barrels  daily.  The  usual  distillates  are  made — ^benzines, 
illuminating  and  lubricating  oils.  None  of  these  except  the  ben- 
zines are  of  very  good  quality.  They  are  used  chiefly  to  mix  with 
eastern  oils. 
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The  asphalt  residue  is  of  excellent  quality  and  finds  a  ready  sale. 
In  fact,  in  some  cases,  the  oil  was  used  for  the  asphaltum  only,  the 
distillates  being  rejected. 

The  future  of  the  oil  industry  appears  to  be  bright.  The 
southern  part  of  the  state  appears  to  contain  a  large  supply  of 
petroleum,  particularly  in  the  upper  part  of  the  San  Joaquin  valley. 
There  is  a  large  demand  for  fuel  purposes  alone,  and  there  is  little 
doubt  but  that  uses  for  the  distillates  will  be  found.  Benzene 
derivatives  appear  to  be  present  in  considerable  quantities  and  it 
will  pay  to  separate  them.  The  greatest  significance,  however, 
will  be  the  solution  of  the  fuel  problem. 

As  very  little  has  been  published  in  regard  to  the  character  of 
California  oils,  the  following  results  may  be  of  value.  They  have 
been  compiled  from  analyses  made  in  this  laboratory  during  the 
past  two  years.  They  cover  oils  from  the  various  districts,  and 
serve  to  show  the  great  variance  in  physical  characteristics. 

Specific  Viscosities  of  Crude  Oils  at  60®  F.  and  185'  F.  =  is)i*^  C, 


AND 

85'' C. 

imple 
iimDer. 

'^r^: 

85OC. 
i8^»  F. 

Sample 
number. 

«of'F. 

iSS^F. 

145 

4.88 

1.28 

135 

282.03 

3-57 

134 

63.15 

2.12 

149 

1462.83 

8.35 

157 

299.59 

4.70 

160 

11.19 

1.54 

161 

1-57 

1.05 

95 

3.00 

1. 15 

lOI 

1759- 13 

751 

99 

I.I7 

0.96 

156 

373" 

3.67 

100 

10.35 

1.34 

184 

10.96 

150 

186 

34.28 

1.84 

101 

J. 10 

0.95 

192 

3259.27 

9.00 

112 

274.35 

3.35 

187 

347.77 

3.37 

2 

19.40 

1.60 

4 

16.96 

1.53 

138 

396.7a 

4.2d 

"3 

142.66 

2.85 

189 

310.56 

3.38 

It  will  be  noticed  that  the  viscosity  diminishes  very  rapidly  as 
the  temperature  increases.  At  a  temperature  of  100*  the  viscosity 
approaches  that  of  water  or  may  even  be  less. 

The  following  table  shows  the  percentage  of  volatile  matter  at 
various  temperatures.  It  is  of  value  chiefly  as  showing  the 
variant  character  of  the  oils  from  different  districts.  The  analyses 
were  carried  out  under  practically  the  same  conditions,  and  the 
results  are  comparative. 
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Fm^cnoxvA.!,  Distiixation  of  Caupornia  Pbtrolbum. 


! 
1 

1 

1 

III 

1.4 

I» 

0.5 

160 

CcMUingm. 

0.00 

99 

Cnallnga, 

0.00 

51 

CoAlinga. 

1.00 

S2 

Oottlinsa. 

0.90 

134 

McKittriclE. 

0.00 

t35 

Mc^KittHck. 

0.00 

«5 

Sunset. 

0.00 

103 

Sonaet. 

aoo 

«7 

Ventnrm. 

2.74 

155 
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0.00 
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Humboldt. 

0.00 
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Humboldt. 
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Humboldt. 

0.00 
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Humboldt. 
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99 

Humboldt. 

0.00 
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Napa. 

aoo 

9& 

Napa. 

0.00 
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Colusa. 

0.00 

93 

Newball 

aoo 
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Santa  Clsra. 

0.00 
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Contra  Costa. 
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27.2 

3r.6 

1.9 

0.00 

1.00 

9.25 

19.74 

48.13 

21.25 

.. 

0.00 

I.  10 

21.70 

40.70 

21.50 

14.60 

0.4 

0.00 

32.60 

28.20 

17.20 

16.00 

5.00 

1.0 

0.00 

a8o 

15.00 

42.50 

14.50 

25.40 

a8 

7.70 

10.30 

18.70 

30.00 

18.00 

16.20 

0.9 

0.00 

0.00 

19.10 

20.80 

45.82 

14.25 

0.00 

trace 

8.50 

23.50 

53.25 

15.00 

0.00 

6.50 

17.26 

17.25 

4798 

IX.00 

0.00 

0.00 

11.90 

26.40 

37.80 

23.90 

.... 

•  ••• 

•  •.. 

..•• 

.... 

.... 

0.00 

0.00 

11.20 

34.05 

8.75 

36.50 

0.00 

17.00 

11.50 

9.00 

21.50 

41.00 

2.50 

9.50 

16.00 

54.50 

2.20 

13.80 

1.5 

0.00 

39-50 

29.80 

24.00 

150 

4.70 

0.5 

0.00 

0.00 

4750 

35.20 

9.60 

7.50 

0.2 

0.00 

13.70 

33.40 

22.20 

10.80 

19.40 

0.5 

0.00 

0.00 

15.70 

35.10 

44.30 

4.90 

. . 

0.00 

0.00 

16.10 

53.60 

3.20 

26.50 

0.5 

5.20 

27.40 

28.20 

17.20 

z6.oo 

5.00 

ix> 

0.00 

0.00 

0.00 

87.00 

4.20 

9.00 

. . 

0.00 

0.00 

0.00 

15.70 

72.60 

11.40 

0.3 

0.00 

0.00 

8.80 

96.00 

21.60 

0.50 

0.1 

12.50 

46.20 

32.27 

.... 

3.23 

5.30 

0.5 

.... 

15.00 

35.80 

31.20 

14.40 

3.60 

.. 

0.00 

3.70 

1750 

37.00 

15.20 

21.00 

0.1 

0.00 

0.00 

6.20 

34.00. 

14.40 

22.80 

I.I 

0.00 

0.00 

6.50 

17.10 

27.50 

22.50 

1.4 

aoo 

0.00 

0.00 

0.00 

58.90 

26.00 

0.2 

The  percentage  of  carbon  and  hydrogen  is  shown  in  the  follow- 
ing table :  The  diflFerence  is  not  put  down  as  oxygen  for  the  reason 
tliat  most  of  the  oils  contain  at  times  considerable  quantities  of 


mirogeo  auA« 
on. 

CarboB. 
Percent. 

Specific 
gravity. 

District. 

145 

ia84 

88.26 

0.9700 

Colusa. 

114 

11.30 

85.80 

Bakersfield. 

1x5 

11.50 

86.09 

0.9397 

Whittier. 

155 

10.81 

80.42 

0.9830 

Ojai  Valley. 

170 

12.16 

84.86 

0.9572 

Kern. 

t  K«mlic«*  arc  volunie  per  oenc 
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Oil. 

Hydroffen. 

Carbon. 

Spcdfic 

Serial  No. 

Per  cent. 

Per  cent. 

gravity. 

District. 

156 

10.72 

6.32 

0.9572 

Bakersfield. 

1 10 

XI. 18 

82.45 

0.9760 

Krm. 

134 

11.45 

86.06 

0.9458 

McKittrick. 

«57 

11.30 

85.75 

0.9533 

Kern. 

103 

11.30 

85.83 

0.9589 

Sunset 

142 

10.83 

84.66 

0.9653 

Contra  Cotta. 

»77 

10.70 

84.74 

...... 

169 

11.80 

87.62 

0.8620 

Coolinga. 

162 

12.10 

87.41 

... 

12.74 

86.99 

0.8059 

... 

11.82 

86.61 

.•••.. 

100 

II.I3 

88.08 

0.9603 

Napa  County. 

161 

12.03 

86.69 

0.8810 

Humboldt. 

159 

12.88 

86.08 

0.8515 

Sanu  Clara. 

The  percentage  of  sulphur  and  nitrogen  is  shown  in  the  follow- 
ing table :  Various  methods  were  tried  for  the  determination  of 
the  sulphur,  but  the  most  accurate  and  convenient  was  to  effect  the 
combustion  of  the  oil  in  oxygen  at  twenty-five  atmospheres  pres- 
sure in  a  Mahler  bomb,  and  determine  the  sulphuric  acid  pro- 
duced. Apparently  none  of  the  sulphur  escaped  oxidation.  On 
allowing  the  gases  to  pass  through  bromine  water,  the  solution 
gave*  no  trace  of  sulphuric  acid. 

The  Kjeldahl  method  was  used  for  determining  the  nitrogen. 
Oxidation  was  slow  but  complete. 

Sulphur  and  Nitrogbk  in  California  Pbtrolbums. 


Nitrogen. 

Number. 

Specific  gniTity. 

Per  cent. 

I 

0.8254 

O.OOI 

X03 

0.9589 

0.047 

'15 

0.5306 
0.8679 

0.669 

169 

0.100 

171 

0.9774 

0.0278 

172 

0.9629 

0.185 

174 

0.8749 

0.243 

175 

0.8801 

0.204 

150 

0.9720 

0.155 

Sulphur. 
Per  cent. 

154 

0.8229 

0.50 

156 

0.9572 

0.80 

157 

0.9533 
0.8515 

0.668 

159 

0.920 

169 

0.8673 
0.9628 

0.062 

135 

0.880 

134 

0.9458 

0.870 

"5 

0.9397 

0.700 

112 

0.9651 

S:r 

103 

0.9589 

ATMOSPHERIC  OXIDATION  UPON  PATTY  OILS.  7 II 

The  following  table  shows  thecalorificvalueof  various  California 
oils.   The  deterniinations  were  made  in  a  Mahler  bomb,  with 
oxygen  at  25  atmospheres  pressure,  in  the  usual  manner. 
Calorific  Valub  op  California  Pbtrolbums. 


Specific 

Calorific  Tslne. 

Kmber. 

gravity. 

«M. 

T.  U.  (calories.) 

B.  T.  U. 

103 

0.9589 

16.3 

10.380 

18.684 

III 

0.9760 

13.5 

10.190 

18,342 

112 

0.9651 

15.2 

10,471 

18,847.8 

"3 

0.9518 

17.5 

10.350 

18.630 

"5 

0.9397 

19.5 

10.827 

19.488.6 

139 

0.8861 

28.6 

10,800 

19,440 

134 

0.9458 

18.5 

10,375 

18.675 

135 

0.9628 

15.6 

10.317 

18.570.6 

... 

0.9276 

21. 1 

10,531 

18.956 

W 

0.8515 

34.4 

11,192 

20,145.6 

145 

0.9700 

X4.5 

10,360 

18,6481 

"5 

0.9397 

19-3 

10,725 

19.305 

156 

0.9572 

16.5 

10,359 

18.646.2 

no 

0.9760 

13.5 

10,263 

18.473.4 

157 

0.9533 

17.2 

10.443 

18.797.4 

'P3 

0.9589 

18.0 

10,380 

18,684 

Many  more  results  of  determinations  might  be  given,  but  the 
foregoing  serve  to  give  an  idea  of  some  of  the  characteristics  of 
California  crude  petroleum,  and  indicate  the  great  diversity  in 
physical  prc^>erties.  Chemically,  they  resemble  each  other  much 
more  closely,  as  will  be  shown  in  a  subsequent  paper. 
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[COMTIUBI/TIOK  FROM  THB  HaVBMBYBR  LABORATORIES  OP  COI^UMBIA  UMI- 
VBRSITV.  No.  83]. 

THE  INFLUENCE   OP  ATHOSPHERIC   OXIDATION    UPON 
THE  COMPOSITION  AND  ANALYTICAL  CON- 
STANTS OF  FATTY  OILS. 
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It  is  well  known  that  the  so-called  non-drying  and  semi-drying 
as  well  as  the  drying  oils  may  absorb  oxygen  from  the  air  at 
ordinary  temperatures  and  that  the  analytical  constants  are  more 
or  less  changed  by  such  oxidation.  This  subject  was  studied  by 
Ballantyne^  who  found  that  olive,  rape,  cottonseed,  arachis  and 
linseed  oils  after  exposure  to  sunlight  in  uncorked  bottles  showed 

V.  Soe,  CMem.  /tut.,  10,  99  (1S91). 
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lower  iodine  figures,  higher  specific  gravities  and  higher  tempera- 
ture reactions  with  sulphuric  acid.  These  changes  took  place 
without  alteration  of  the  volume  of  the  oil  and  independently  of 
the  appearance  of  rancidity  or  free  acid.  In  fact,  there  was  no  in- 
crease in  acidity  in  olive,  rape  and  arachis  and  only  a  very  slight 
increase  in  the  cottonseed  and  linseed  oils. 

Having  found  that  such  oxidation  is  less  dependent  upon  sun- 
light and  occurs  more  often  in  stored  samples  than  is  commonly 
supposed,  we  undertook  a  comparison  of  the  changes  produced  in 
some  of  the  constants  to  ascertain  whether  any  quantitative  rela- 
tions could  be  traced  which  would  enable  one  to  judge  the  original 
nature  of  the  oil  from  the  results  obtained  upon  a  sample  thus 
altered  by  exposure. 

Samples  of  oils  of  about  200  grams  each  were  allowed  to  stand 
for  several  months,  with  occasional  shaking,  in  uncorked  bottles, 
loosely  covered  to  exclude  dust,  on  a  shelf  in  the  laboratory  which 
was  frequently  exposed  to  direct  sunlight.  No  special  eflFort  was 
made  to  give  the  ditferent  samples  the  same  amount  of  exposure 
and  shaking  since  it  seems  impossible  to  control  all  the  conditions 
which  affect  the  rate  of  oxidation.  These  "exposed"  samples 
were  then  compared  with  duplicate  samples  from  the  same  pack- 
ages which  had  been  kept  in  well-filled,  air-tight  bottles  or  cans  in 
a  dark  closet.  Many  of  the  oils  had  been  analyzed  when  first  re- 
ceived and  in  all  such  cases  the  agreement  between  the  results  first 
obtained  and  those  found  on  the  carefully  protected  samples  was 
sufficiently  close  to  show  that  no  appreciable  change  had  taken 
place  in  the  latter. 

The  table  which  follows  shows  the  changes  which  had  taken 
place  in  the  samples  exposed  to  the  air. 

In  each  case  there  is  a  decrease  in  the  Hiibl  figure  (percentage 
of  iodine  absorbed)  and  an  increase  in  specific  gravity  and  temper- 
ature reaction  with  sulphuric  acid.  There  is  also,  in  each  case,  a 
slight  increase  in  acidity  and  in  the  proportion  of  volatile  acids 
present,  but  these  changes  are  irregular  and  much  too  small  to 
account  for  the  changes  in  the  other  figures.  These  results  show 
that  the  rise  in  temperature  with  sulphuric  acid  is  not  necessarily 
parallel  with  the  Hiibl  figure  and  should  not  be  used  instead  of  the 
latter,  but  rather  in  connection  with  it.  For  instance,  a  sample  of 
pure  olive  oil  which  had  taken  up  oxygen  from  the  air  would,  if 
judged  by  the  high  specific  gravity  and  high  temperature  reaction. 
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be  condemned  as  adulterated,  whereas  these  results  considered  in 
connection  with  the  low  Hiibl  figure  would  at  once  indicate  the 
tme  nature  of  the  sample. 

Changbs  Producbd  in  Analytical  "  Constants"  by  Exposure  to 

Light  and  Air. 

>»  Temp,  reaction. 


I>cacriptk»i  of  oil.  be  upi'io 


1       I    \    \    i 

I  S      S      i     £'    »2a 


O        %i^ 


Olive  oil  (3058)  fresh 0.917  83.8  100    16.9  2.65  0.43 

"      "         "       after  exposure 0.923  77.4  127    20.3  3.27  0.75 

Ltrd  oil  (aQS7)  fresh 0.917  73.3  106    16.7  0.90  0.56 

"      •*         *•       after  exposure 0.927  66.7  116    18.4  1.92  1.59 

Cottcmseed  oil  (2053)  fresh 0.920  102.8  161    21.4  0.14  0.16 

•*            ••        *•      after  exposure...  0.934  92.0  215    27.0  1.27  1.96 

Cottonseed  oil  (ao55)  fresh 0.923  105.2  171    20.3  0.07 

"           ••        *•      after  exposure...  0.937  92.9  217    27.2  1.29  ... 

Maiae  oil  (2056)  fresh 0.924  117.2  174    ...  2.78  0.60 

"       ••        ••       after  exposure 0-935  107.0  216    ...  4.59  1.40 

Poppjaeed  oil  (2069)  fresh 0.923  125.3  ^02    25.2  2.75 

•*            "        •*      after  exposure. ..  0.931  117.1  214    27.7  3.63 

Seal  oQ  (21Q3)  fresh 0.926  145.3  0.69  i.oo 

"      "       '•         after  exposure 0.947  120.3  3.39  2.40 

I  <nl  (2070)  fresh 0.938  177.1  ...    30.5  1.26  ... 

••      after  exposure 0.954  148.1  ...     34.3  2.05 

I  oil  (2052)  fresh 0.934  178.0  ...     31.3  1.33  0.49 

"         ••        •*      exposed  4  months  . .  0.942  165.8  2.23  i.io 

'•       8      ••       ...0.966  139.4  ...    32.8  4.45  2.64 

In  the  case  of  the  linseed  oil  (No.  2025),  where  the  greatest 
amount  of  oxidation  had  taken  place,  it  seemed  desirable  to  deter- 
mine the  effect  upon  the  elementary  composition  to  find  if  possible 
whether  oxygen  or  hydroxyl  had  been  added.  In  addition  to  the 
unchanged  oil  and  the  portion  which  had  been  exposed  in  a  bottle 
for  eight  months,  another  portion  which  had  been  exposed  in  a 
thin  layer  until  semi-solid  was  analyzed.  The  results  were  as 
{(dk>ws: 

>  ncCermiiiations  of  the  Hiibl  figure  were  carried  out  «s  previously  described  (this 
Joanul,  aa«  166),  using  only  the  inirest  obtainable  reagents  and  allowing  always  an  ex- 
cess of  Iodine  about  equal  to  the  amount  absorbed. 

'  gffi^fi<>  temperature  reaction  (referred  to  that  of  water  as  100)  on  mixing  10  ^.  of 
iwtmt  iilisffd  salphuric  add  with  50  grams  of  the  sample. 

s  The  H^nres  in  this  column  show  the  actual  rise  of  temperature  (in  degrees  centi- 

e)  00  mf*^**g  10  cc.  of  concentrated  sulphuric  acid  with  a  solution  of  10  grams  of  the 
,  jg  yy  oc.  of  cartMm  tetrachloride. 
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CarboD.  Hydrofcea.  Oxygen.  Ratio  C:H. 

Linseed  oil,  unchanged 75-46  10.92  13.62        1:0.145 

**       exposed  eight  months..  73.23  10.46  16.31        1:0.143 

"  *•     till  semi-solid . .  69.03  10.06  2o.9r        1:0.146 

In  this  case,  therefore,  the  net  result  of  the  exposure  was  an 

increase  in  oxygen  without  any  appreciable  change  in  the  ratio  of 

^carbon  to  hydrogen.     This  is  practically  in  agreement  with  the 

experience  of  Bauer  and  Hazura  in  an  experiment^  in  which  a  thin 

film  of  linseed  oil  was  allowed  to  dry  quite  completely  in  the  air. 

It  has  already  been  shown*  that  atmospheric  oxidation  decreases 
the  heat  of  combustion  of  "fatty  oils  to  an  extent  nearly  propor- 
tional to,  but  slightly  greater  than,  the  increase  in  the  specific 
gravity.  This  relation  may  now  be  explained  somewhat  more 
fully.  The  linseed  oil  (No.  2052)  on  exposure  in  bulk  for  eight 
months  increased  in  specific  gravity  from  0.934  to  0.966  or  3.43 
per  cent.,  calculated  on  the  original  weight.  The  analyses  show 
that  it  took  up  oxygen  to  the  extent  of  3.16  per  cent,  of  its  original 
weight.  The  greater  increase  in  specific  gravity  is  probably  due 
to  a  slight  contraction  in  volume.  The  original  heat  of  com- 
bustion was  9364  calories  per  gram.  Correcting  for  the  increase 
in  weight  we  have  9364  H-  1.0343  =  9053  calories,  but  since  the 
sample  took  up  3.16  per  cent,  of  its  weight  of  oxygen  the  "avail- 
able hydrogen"  must  have  been  diminished  by  0.395  P^^"  cent,  of 
the  original  or  0.38  per  cent,  of  the  increased  weight,  requiring  a 
further  reduction  of  131  calories.  This  gives  an  estimated  heat  of 
combustion  for  the  exposed  sample  of  8922  calories  per  gram. 
Taking  the  increase  in  specific  gravity  as  a  direct  measure  of  the 
oxygen  absorbed,  this  calculated  value  would  be  8910  calories. 
The  value  as  determined  by  combustion  in  the  bomb-calorimeter 
was  8899  calories  per  gram.  These  figures  agree  within  the  limits 
of  experimental  error  and  confirm  the  suggestion  made  in  a 
previous  paper  that  the  heat  of  combustion  taken  in  connection 
with  the  specific  gravity  may  prove  a  useful  factor  in  the  study  of 
the  fatty  oils. 

With  glycerides  other  than  those  having  strong  drying  proper- 
ties, it  may  be  considered  as  practically  established  by  the  work  of 
Hazura  that  the  oxidation  consists  essentially  in  the  addition  of 
"hydroxyl  to  the  unsaturated  fatty  acids,  oleic  being  converted  into 
dioxystearic,  and  linolic  into  sativic  acid.     If,  as  stated  by  Ballan- 

1  MoHolsh,  Cfum.,  9,  459  (1888). 
s  This  Journal,  33,  164 ;  34,  348. 
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tyne,^  the  oxidation  takes  place  without  change  in  volume,  the  in- 
crease in  specific  gravity  due  to  the  introduction  of  hydroxyl 
should  be  directly  proportional  to  the  decrease  in  iodine-absorbing 
power  due  to  the  saturation  of  the  double  bonds.  The  quantitative 
relation  would  then  be : 

Percentage  increase  in  specific  gravity :  Decrease  in  Hiibl 
figure : :  OH  :  I,  or  as  17.008 : 1 26.85,  or  as  i :  7.46. 

Thus  the  sample  of  olive  oil  shown  in  the  table  above  had  in- 
creased in  density  from  0.917  to  0.923  or  0.65  per  cent.  The  Hiibl 
figure  of  the  exposed  sample  was  77.4I  Adding  to  this 
7-46  X  0.65  =  4.9,  we  obtain  as  a  corrected  value  83.3  as  against 
83^8,  the  Hiibl  figure  of  the  unchanged  sample. 

Correcting,  according  to  the  same  proportion,  the  Hiibl  figures 
of  all  the  "exposed"  oils  in  the  table  we  obtain  the  "recalculated"" 
values  given  in  Column  HI. 

Httbl  figure. 

I.  II.  III. 

In  fresh       After  ex-     Recalcu- 
Sami>le.  condition.       posure.  lated. 

Olive  oil  (2osS) 83.8  77.4  83.3 

l^rd  oil  (2057) 73.3  66.7  74.8 

Cottonseed  oil  (2053) 102.8  92.0  103.3 

Cottonseed  oil  (2055 ) 105.2  92.9  104.2 

SCaize  oil  (2056) 117.2  107.0  115.9 

Poppyseed  oil  (2069) 125.3  117.1  123.6 

Seal  oil  (2103) 145.3  120.3  137.2 

I«tnseed  oil  (2070) 177.1  148.1  161.0 

Unseed  oil  (2052)  sfter  4  months...  178.0  165.8  172.2 

••      (2052)      •*    8        •'      ...  178.0  139.4  165.0 

In  the  first  five  samples,  representing  non-drying  and  semi-dry- 
ing oils,  the  difference  between  the  original  and  the  recalculated 
Hubl  figure  is  in  no  case  greater  than  1.5,  while  the  difference  for 
the  average  of  the  five  samples  is  only  0.2  per  cent.  Poppyseed 
oil  which  is  usually  classed  as  a  drying  oil,  but  which  is  also 
edible,  shows  a  discrepancy  of  1.7  per  cent.  It  appears,  then,  that 
with  such  oils  the  results  obtained  on  an  exposed  sample  may  be 
recalculated  according  to  the  proportion  above  given,  if  either  the 
original  specific  gravity  or  the  original  Hubl  figure  is  known. 

When  neither  of  these  is  known,  assume  as  the  original  specific 
gravity  the  average  figure  for  the  variety  of  oil  under  examination, 
calculate  the  apparent  increase  in  specific  gravity  (in  percentage 
of  the  original )  and  then  recalculate  the  Hubl  figure  as  above.    If 
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the  oil  is  unadulterated,  the  recalculated  Hiibl  figure  should  be 
within  the  limits  of  variation  of  pure  fresh  samples. 

This  method  cannot  be  relied  upon  for  oils  containing  the  more 
highly  unsaturated  acids  (drying  oils,  fish  oils,  etc.),  since  in  such 
oils  there  is,  as  shown  by  analysis,  either  a  direct  absorption  of 
oxygen  as  such  or  a  condensation  with  elimination  of  water  from 
the  hydroxyl  groups  first  added,  probably  accompanied  by  a  slight 
contraction  in  volume. 

As  regards  the  examination  of  edible  oils,  however,  the  results 
here  given  may  be  said  ( i )  to  emphasize  the  importance  of  deter- 
mining both  the  Hiibl  figure  and  the  specific  gravity,  whatever 
other  determinations  are  made,  and  (2)  to  show  how  the  mutual 
relations  of  these  constants  enable  one  to  interpret  the  results  ob- 
tained upon  samples  greatly  altered  by  exposure  to  atmospheric 
oxidation. 

New  York  City, 
May  I,  1903. 
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By  Gustavb  W.  Thompson. 

RecMTed  May  15, 1903. 

Freshly  pressed  linseed  oil,  or  linseed  oil  that  has  not  been 
properly  settled  or  prepared  for  the  manufacture  of  varnish,  when 
heated  to,  say,  400"*  Fahrenheit,  undergoes  a  change  which  the 
varnish  man  describes  as  "breaking".  The  phenomenon  consists 
in  the  appearance  in. the  oil  of  gelatinous  masses  slightly  darker 
than  the  oil  itself,  settling  with  difficulty  and  extremely  difficult  to 
remove  from  the  oil  by  filtration.  The  bulk  of  the  break  appears 
in  some  instances  to  be  very  considerable.  The  following  experi- 
ments, however,  will  show  that  the  percentage,  by  weight,  present 
is  very  small. 

Twenty-five  hundred  ^rams  of  linseed  oil  were  heated  to  the 
breaking-point.  The  oil  was  allowed  to  cool  and  then  filtered. 
The  preclj)itate  clogged  the  filter  considerably,  which  necessitated 
its  removal  to  a  glass  vessel,  in  which  it  was  washed  with  petro- 
leum ether,  by  decantation.  Finally,  a  non-oleaginous  residue  was 
obtained,  weighing  6.93  grams,  equal  to  0.277  per  cent,  of  the 
original  oil.     On  ignition,  a  portion  of  this  residue  was  shown  to 

>  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  May  8, 1903. 
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cootain'47.79  per  cent,  ash — equal  to  0.1 177  per  cent  of  tfieoriginal 
ofl.  The  oil,  which  was  filtered  from  the  break,  was  shown  to  con- 
tain oxx)39  per  cent.  ash.  The  following  is  an  analysis  of  the  ash 
{rom  the  break : 

CaO 20.96 

MgO 18.54 

PfOft 59.85 

SO, trace 

99.35 
The  first  thing  to  note  is  that  the  phosphoric  anhydride  is  pres* 
ent  in  the  ash  from  the  break  in  excess  of  what  would  form  an 
orAophosphate  when  combined  with  the  bases  present.  It  appears, 
in  bet,  that  the  oxygen  present  in  the  phosphoric  anhydride  is  to 
the  oxygen  in  the  bases  in  the  ratio  of  5  to  2,  corresponding  closely 
with  that  required  by  a  pyrophosphate.  The  composition  of  the 
ocganic  matter  in  this  sample  of  break  was  not  determined. 

Ash  determinations  were  made  on  a  number  of  samples  of  oiU 
the  Mlowing  being  a  few  of  the  results : 

Ash. 
Per  cent. 

No.  I,  Flesh  doable-filtered  raw  American  linaeed  oil  0.1429 

No.  2,     "  ••         ••         '*  •*  "        •• 0.1967 

No.3,Good,  well>aettled  '*  ;•        •• 0.0609 

No.  4,  Best  American  linseed  varnish  oil trace 

The  ash  from  sample  No.  i  was  analyzed,  with  the  folIowing^ 

Rsntts: 

Per  cent,  of  the  oil. 

CaO 0.0235 

MgO o.02ti 

P1O5 0.0705 

KtO 0.0043 

SO, 0.0227 

0.1431 
It  should  be  noted  that  here,  also,  the  phosphoric  acid,  is  in  excess 
(rf  the  bases,  and  is  present  largely  in  tfie  pyro  form. 

Mulder  speaks  of  the  presence  of  calcium  sulphate  in  linseed  oiU 
bat,  so  &r  as  we  know,  no  mention  has  been  made  of  the  presence 
^phosphates. 

Ifl  order  to  locate  the  origin  of  the  constituents  of  the  linseed 
08  ash,  analyses  were  made  of  the  ash  from  American  flaxseed,  and 
^^^^stei  cake  made  therefrom,  which  analyses  are  given  here : 
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Plazneed.  Oil  cake. 

Per  cent.  Per  cent. 

Ash 3.112  4*^ 

Composition  of  ash. 

SiO, 1.83  1.51 

FCjOj-f  A1,0, 1.25  1.59 

CaO q.46  9.24 

MkO ...18.51  18.52 

K,0 26.18  26.14 

Na,0 1. 71  3.59 

SO,   3.96  3.51 

PA .VS.44  36.28 

98.14.  100.38 

These  analyses  confimi,  in  the  main,  analyses  already  published. 
If  we  consider  the  ratio  between  the  oxygen  in  the  bases  and  the 
oxygen  in  the  phosphoric  anhydride  in  an  orthophosphate  to  be  as 
3  is  to  5  we  find  here  that  the  bases  are  in  excess.  It  is  worthy  of 
notice  here  that  the  phosphoric  acid,  lime  and  magnesia  are  dis- 
solved, to  some  extent,  by  the  oil,  while  the  potash,  which  is  the 
principal  base,  is  taken  up  by  the  oil,  only  to  a  very  slight  extent. 

In  examining  the  mucilage  from  various  plants,  Schmidt  and 
Kirchner,  and  Tollens*  reported  the  presence  of  phosphates  in  the 
mucilage  which  they  separated  from  the  flaxseed ;  it  seems  prob- 
able that  these  phosphates  in  the  seed  are  largely  combined  with 
the  mucilage,  and  that  the  mucilage  and  the  phosphates  combined 
therewith  are  dissolved,  to  some  extent,  by  the  oil.  This  conclusion, 
however,  requires  confirmation.  Examining  a  portion  of  thor- 
oughly extracted  break  for  mucilage,  we  obtained  no  reaction.  The 
test  made  was  to  heat  the  break  with  dilute  hydrochloric  acid  for 
a  few  seconds,  filter  and  add  alcohol.  No  precipitate  was  ob- 
tained. It  may  have  been  that  the  mucilage  was  decomposed  at 
the  temperature  to  which  it  was  subjected.  We  have  not  been 
able,  as  yet,  to  pursue  our  inquiries  further  along  this  line. 

As  to  the  presence  of  albuminoids  in  linseed  oil,  our  experiments 
Tiave  been  as  follows :  The  determination  of  nitrogen  in  a  sample 
of  linseed  oil  showed  less  than  o.oi  per  cent.  The  same  sample  of 
oil  showed  0.04  per  cent,  of  phosphorus.  This  would  indicate  that, 
relatively  speaking,  the  phosphates  present  were  considerably 
greater  than  the  nitrogenous  matter.  An  examination,  for  nitro- 
gen, of  a  portion  of  extracted  break  indicated  that  some  was 
present  although  the  amount  was  less  than  i  per  cent,  of  the 
break.     The  phosphorus,  on  the  other  hand,  amounted  to  9.60  per 

*  Ann.  Chem.  (Uebig).  51,  175  and  315. 


PSBUlXyrHIOURBAS  DESCRIBED  AS  NORMAL  URBAS.         719 

cent  of  the  break.  This,  figured  to  PjOg,  amounted  to  57  per  cent 
of  the  ash  in  the  break.  It  would  seem  unjustifiable  to  calculate 
die  i^osphonis  present  in  the  linseed  oil  to  lecithin,  on  account  of 
the  large  percentage  of  bases  present.  Inasmuch  as  albuminoids 
coagulate  at  a  low  temperature  as  compared  with  the  breaking 
temperature  of  linseed  oil,  we  feel  that  any  assumption  that  albu- 
minoids are  present  is  unjustified.  We  do,  however,  feel  justified 
m  saying  that  the  principal  cause  of  the  break  in  linseed  oil  is 
the  phosfrfiates  of  lime  and  magnesia  present,  although  their  pres- 
ence in  the  oil  may  be  due  to  a  combination  between  them  and 
some  organic  base  or  bases. 


CCOMTKXBUnOKS  FKOM   THE  SHBPPIBLD  LABORATORY  OF  YALB  UmiVBR- 

SITY.] 

ON  A  CLASS  OF  P5EUDOTHIOUREA5  DESCRIBED  AS 
NORMAL  UREAS. 

BT  HBMRT  J4.  WBBBLBR  and  GBOROB  8.  jAMIBaOK. 

Rscdvwl  April  la.  '9^* 

When  thioamides  are  treated  with  alkyl  halides,  compounds  are 
fonned  having  the  alkyl  group  attached  to  sulphur.  In  the  normal 
thioureas,  for  example,  it  is  die  sulphur  and  not  the  nitrogen  that 
is  die  point  of  attack.  When  a  radical  is  attached  to  sulphur  then 
fordicr  alkylation  may  take  place  on  the  nitrogen.^  At  least  this 
lias  been  found  to  be  true  in  all  cases  that  have  been  thoroughly 
examined. 

There  are  some  thioureas,  however,  that  have  been  represented 
as  yidding  nitrogen  alkyl  derivatives  with  halides.  Wunderlich' 
focuid  that  sodium  cyanamide  unites  with  mustard  oils  in  alcoholic 
solution,  giving  the  sodium  salts  of  alkylcyanthioureas 
RNHCSNHCN,  and  by  treating  these  salts  with  alkyl  halides  the 
sodium  was  shown  to  be  replaced  by  alkyls.  The  resulting 
dialkyl  compounds  were  represented  by  the  general  formula 
RNH— CSNR'CN. 

Later,  Hecht*  prepared  a  large  number  of  these  compounds. 
He  represents  them  by  the  formula  above,  but  he  remarks  that 
further  work  will  be  necessary  to  determine  their  structure  and  he 
states  that  this  will  be  the  subject  of  a  later  paper.    Thirteen  years 

1  Bertnm  :  Ser.  d.  ekem.  Gtt.,  35,  48  (189a). 
«^«r.  d,  €ham.  GtM^  19. 448  (x886). 
«  Ar.  d,  ektm,  CIcr.,  aj,  i^  (1890). 
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have  now  passed  and  these  compounds  have  not  been  further  ex- 
amined. From  what  has  just  been  said,  it  seemed  doubtful  that 
the  entering  alkyl  group  attaches  itself  to  nitrogen.  We  therefore 
undertook  the  determination  of  the  structure  of  these  ureas,  and 
\vc  will  now  show  that  they  are  incorrectly  represented  in  the 
literature — that  they  are  pseudothioureas  and  not  derivatives  of 
normal  thioureas.  Their  structure  is  to  be  represented  by  the 
general  formula  • 

RN=C-NH— CN 

\ 

SR' 

in  which  R'  is  the  alkyl  of  the  alkyl  halide. 

Sodium  cyanamide  was  treated  in  alcoholic  solution  with  phenyl 
mustard  oil.  The  crystalline  salt  thus  obtained  was  heated  with 
methyl  iodide  according  to  the  directions  of  Hecht.  The  pure 
product  melted,  as  he  states,  at  186*".  When  this  was  suspended 
in  strong  alcoholic  ammonia,  a  reaction  slowly  took  place  and 
methyl  mercaptan  made  its  presence  known.  In  order  to  get  a 
complete  reaction,  it  was  necessary  to  heat  in  a  closed  tube  at 
90*^-95**.  The  crystalline  product  was  then  free  from  sulphur 
and,  on  analysis,  gave  results  agreeing  with  those  calculated  for 
phenylcyanguanidine.     The  reaction  took  place  as  follows : 

CeHjN=C— NHCN  C.HjN=C— NHCN 

I  +NH,=  I  +HSCH,. 

SCH,  NH, 

In  addition  to  the  above  phenylcyanthiolmethylpseudothiourea, 
we  have  prepared  and  examined  phenylcyanthiolbenzylpseudo- 
thiourea,  the  phenylthiocarbaminbenzylcyamide  of  Hecht.  This 
compound  has  the  structure 

C.H.N  =  C  —  NHCN. 

I 
SCH, 

We  find  also  that  it  is  identical  with  Fromm*s  phenyl-^'-benzyl- 
siilphoharnstoffcyanide,  a  fact  which  apparently  escaped  the  notice 
of  Professor  Fromm.*  He  gives  the  melting-point  at  190**. 
Hecht  states  that  the  substance  melts  at  182**.  We  have  pre- 
pared the  compound  by  both  methods  and  both  preparations 
melted  at  182^-183**.  When  mixed,  the  melting-point  was  not 
altered.     We  have  also  prepared  the  corresponding  methyl  deriva- 

»  Ser.  d.  cMem.  Ges.,  a8.  1304  (1S95). 
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ti?e  by  both  methods  and  find  that  these  products  are  identical. 
The  preparation  of  Hecht's  compounds  by  Fronun's  method 
offers  farther  proof  that  the  compounds  are  pseudothioureas.  This 
mediod  consists  in  treating  phenyldithiobiuret  with  three  molecu- 
lar proportions  of  alkyl  halide  and  four  of  alkali.  The  reaction  is 
rqtresented  as  fellows: 

C,H,N=C— NHCS— NH,  C,H.N=C— NHCSNH, 

I  +C,H,C1=  I 

SNa  SC,H, 

C;H,N=C— NHCSNH, 

I  -f2NaOH= 

SC,H, 

CH,N=C-NHCN 

I  +Na,S+2H,0. 

SCH, 

Fromm  has  shown  that  when  the  phenylcyanthiolbenzylpseudo- 
duoarea  is  boiled  with  hydrochloric  acid  it  takes  up  the  elements 
of  water  and  separates  aniline,  forming  thiolbenzylallophanic  ester, 
CtH^S.CX: — ^NHCONH,.  This  shows  that  the  alkyl  group  is 
attached  to  sulphur. 

The  pseudothioureas  containing  a  — CN  group  are  more  stable 
and  less  reactive  than  other  pseudothioureas.  They  have  acid 
pcopeities  and  form  salts  even  with  ammonia. 

It  was  found  that  phenylcyanthiolbenzylpseudothiourea  could 
be  crystallized  unaltered  from  boiling  acetic  anhydride.  Benzoyl 
diloride  failed  to  react  with  the  compound  in  the  Schotten-Bau- 
mann  process,  and  little  or  no  mercaptan  was  given  off  on  heating 
on  the  steam-bath  or  at  150*^  with  aniline  or  with  phenylhydrazine. 
These  compounds,  therefore,  depart  widely  in  properties  from 
otfier  classes  of  pseudothioureas. 

Pfc«y/ora«^ua««iW,  CeH,N  =  C(— NH,)— NHCN.— Phenyl- 
cyanlliiohnethylpsetldothiourea  was  heated  with  an  excess  of  alco- 
holic ammonia  at  90^-95**  for  five  hours.  Mercaptan  escaped,  on 
opening  the  tube,  and  from  the  alcoholic  solution  bunches  of  color- 
less needles  were  obtained.  These  were  moderately  soluble  in 
warm  alcohol  and  could  be  crystallized  from  water.  The  sub- 
stance disserved  in  warm  alkali  and  was  precipitated  by  mineral 
adds.  It  melted  at  190^-191^  without  decomposition,  and  a 
mtrogoi  determination  gave : 


introgeo 


CAlcttUtcd  for 
C,H,N4. 

35.0 

Found. 
35.2 
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The  ammonium  salt  of  phenylcyanthiolmethylpseudothiourea 
was  obtained  when  the  pseudothiourea  was  heated  at  loo^  for  five 
hours  with  alcoholic  ammonia  saturated  with  hydrogen  sulphide. 
On  cooling,  no  pressure  was  found  in  the  tube  and,  on  concen- 
trating the  solution,  colorless  needles  separated  which,  after  two 
recrystallizations,  melted  at  about  I42**-I43''  to  a  pale  yellow 
liquid.    A  nitrogen  determination  gave: 

Calculated  for 
CeHftN-C(— SCH,>~NHCN.NHaC»HuN«8.  Pound. 

Nitrogen 26.82  26.79 

Nbw  Havsn,  ConNm  April  17, 1903. 
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By  p.  B.  Allan. 

Received  May  ao,  1903. 

In  recent  papers  ihe  author  has  given  the  results  of  researches 
on  the  nitrates^  and  sulphates'  of  bismuth,  making  use  of  the 
phase  rule  to  determine  the  number  of  phases  present,  and  thus  to 
know  whether  the  solid  to  be  analyzed  was  one  phase  or  a  mixture 
of  two  phases.  In  a  monovariant  system  of  three  components,  wc 
may  have  a  gaseous,  a  liquid,  and  two  solid  phases.  In  a  divariant 
system,  only  three  phases  can  exist  and  there  can  be  only  one  solid 
in  addition  to  the  liquid  and  gaseous  phases,  and  it  is  only  in  the 
latter  case  that  we  can  call  the  solid  a  chemical  compound.  In  the 
experiments  referred  to,  both  monovariant  and  diVariant  systems 
were  obtained,  but  as  three  weeks  were  sometimes  necessary  to 
obtain  equilibrium  in  a  monovariant  system,  no  attempt  has  been 
made  to  get  other  than  divstriant  systems  in  this  research. 

Heintz'  added  oxalic  acid  to  a  solution  of  bismuth  oxide  in  nitric 
acid,  and  boiled  the  precipitate  repeatedly  with  water.  He  sup- 
posed that  the  neutral  oxalate  is  first  formed,  and  that  it  is  decom- 
posed by  water;  he  gives  the  resulting  substance  the  formula 
BijO,2C,Osi  J4H,0.  Schwartzenberg*  boiled  bismuth  oxide  with 
acid  potassium  oxalate,  and  the  product  dried  at  loo^  agreed  with 
the  formula  Bi20s3C,Os4H^O.  Souchay  and  Lensson^  prepared 
the  neutral  oxalate  and  gave  the  composition  of  the  air-dried  salt 

>  Am.  Cktm.J.^  33,  307. 

*  /Hd.,  S7.  aS4. 

*  Pogg.  Ann.,  63, 90. 

*  Ann.  Ckem.  (I^iebig),  64,  127. 

*  I^id, .  lOfi  345. 
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as  Bi,0,3C,0,7J4H,0,  while  Muir*  gave  it  the  formula 
BisOaSC^OsdHsO.  I  could  not  obtain  this  salt  free  from  the  basic 
oxalate  although  it  was  stirred  for  several  days  with  a  concen- 
trated oxalic  acid  solution.  Souchay  and  Lensson  boiled  the 
neutral  oxalate  repeatedly  with  water  and  obtained  the  basic 
salt  Bi20a2C208H20,  and  Muir  repeating  this  preparation  gave  it 
the  formula  Bi,0,2C,0,. 

In  the  following  experiments,  the  neutral  oxalate,  containing 
some  basic  oxalate,  was  stirred  with  water  or  oxalic  add  solutions, 
the  apparatus  used  being  the  same  as  that  previously  described. 
The  composition  of  the  solid  contents  was  determined  by  the 
analysis  of  the  liquid  phase. 

Tablb  B. 
Temp.  75**. 


Components.  Competition  of 
'                                     »     Time.  solution. 


BiiO, 

inlaid 

z  gram  neutral  oxalate  loo  cc.  water  3  da3r8  0.024  N.  oxalic  add  3.35 

a  grams     "  "  100  "      "  3    "  0.046     "         "  3.27 

3  *•         "  "  100  •*      ••  3    "  0.068     •*         "  3.28 

4  "         "  **  100  "      "  3    ••  0.090     "         ••  3.26 

5  "  "  **  loo  ••      "  3    "  0.122     "         "  3.2X 

6  »•         *•  "  100  "      "  3    *•  0135     *•         "  3.25 

At  50^  the  basic  salt  is  in  equilibrium  with  oxalic  acid  solutions 
up  to  0.085  normal,  and  at  75''  up  to  at  least  0.135  normal.  In  the 
sixth  experiment  in  Table  A  the  reaction  is  delayed  by  the  initial 
strength  of  the  oxalic  acid  solution.  The  basic  salt  obtained  in 
these  experiments  was  air-dried  and  dissolved  in  hydrochloric 
acid.  The  bismuth  was  determined  as  the  sulphide  and  the  oxalic 
acid  in  the  filtrate  was  titrated  directly  with  permanganate,  as  the 
small  quantity  of  hydrochloric  acid  present  did  not  effect  the  result. 

Cslculsted  for 

BisOsaCflOtHfO.  Pound. 

BijO, 74.16  74.14 

C,0, 22.97  23.00 

H,0 2.87  (2.86) 

Miller  and  Kenrick^  have  shown  that  the  number  of  possible 
phases  is  not  changed  if  a  new  constituent  be  added  to  the  liquid 
phase,  provided  that  this  new  constituent  does  not  pass  into  the 
solid  phase.  This  condition  is  fulfilled,  if  dilute  ammonia  is 
stirred  with  Bi20,2C,03H20,  and  therefore  a  divariant  system 

>  /.  Ck£m,  Soc.  (London),  1878,  p.  193. 
*  Trans.  Roy.  Soc,  Canada,  1901. 
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pSl  contains  but  one  solid  phase.  In  the  following  experiments, 
pmonia  of  varying  strength  was  used  and  another  basic  salt  was 
^kabed.  Prdiminary  experiments  showed  that  the  new  basic 
ait  iras  acted  upon  by  quite  dilute  ammonia,  and  in  order  to  obtain 
lis  solid  phase  in  equilibrium  with  a  larger  range  of  concentra- 
tions of  ammonia,  it  was  necessary  to  reduce  the  efficiency  of  the 
iDunonia  in  the  reaction.  This  can  be  done  by  adding  to  the 
lohtion  any  ammonium  salt,  thus  decreasing  the  amount  of  ioniza- 
lioD^and  as  ammonium  oxalate  is  one  of  the  products  of  the  reac- 
tion, it  is  the  best  salt  for  this  purpose.  Table  C  contains  a  com- 
|«risonof  the  rate  of  reaction  in  the  presence  of  ammonium  nitrate 
ikI  of  ammonium  oxalate,  and  shows  that  although  the  ammonium 
ttalatc  was  more  dilute,  the  reaction  was  much  quicker  in  the 
Baooaium  nitrate  solution. 

Nos.  2  to  7  in  Table  D  are  divariant  systems  with  one  solid 
fbse.  The  solid  contents  of  these  bottles  were  filtered  off,  air- 
*wi,  and  analyzed. 

Calculated  for 
3BitOa2CtOt.  Pound. 

Bi,0, 90.64  90.42 

c,o, 9.3^  9.47 

TTiis  basic  salt  has  not  been  previously  described. 

Tabus  £. 
Temp.  50®. 
Components.  Time.       §!22?  in  solid. 


c,o. 


I  gram  Bi,0,3C,O,  too  cc.  0.093  N.  NH,  4  days  i .  16 

I    "          '•  100  *•  0.465     "  4    **  2  21 

I    "          "  100  ••  0.07  N.  KOH  4    **  6.63 

I    "          ••  100  ••  o.io      •*  4    "  Bi,0,. 

Tabic  E  shows  the  results  obtained  when  the  higher  basic 
•oJate  reacts  with  more  concentrated  ammonia,  or  with  potassium 
Hoxide,    There  is  no  indication  of  another  basic  salt. 

Koitral  bismuth  oxalate  was  stirred  with  solutions  of  potassium 
folate  and  of  ammonium  oxalate^  but  the  reaction  was  found  to 
'f  sW,  and  it  was  difficult  to  obtain  equilibrium.  The  composi- 
^ofthe  solids  obtained  indicated  theexistenceofdoublesaltshav- 
■Jthcforaiulas  Bi.CCjOJsCNH^)^©*  and  Bi^(C^O,)J<i,C^O^, 
•d  Soudiay  and  Lensson's  experiments  in  which  they  found  more 
«>»plex  double  salts  were  repeated,  and  the  products  analyzed  by 
fesrs.  DcLury  and  Phillips.  Their  results  are  published  in  this 
JooniaL 

C>BOCAL  LaM>&ATO»T.  UKIVKRSITY 

OF  ToROsrro.  May,  1903. 


A  NEW  DOUBLE  OXALATE  OP  BISMUTH  AND  POTASSIUM. 

BT  p.  B.  AIXAV  and  J.  8.  DBl«URT. 
RecdT«d  Majr  ao,  1909. 

By  dissolving  bismuth  oxalate  in  concentrated,  hot  potassium 
oxalate  and  cooling  the  solution,  Souchay  and  Lensson^  obtained 
a  substance  to  which  they  gave  the  formula 

Bi,(C,OJ.7K,C,0,24H,0 

and  from  the  mother-liquor  they  got  a  further  deposit  having  the 
composition 

Bi,(C,OJ,iiKaC,0424H,0. 

Svensscm*  has  also  described  a  double  salt  having  the  composition 

When  a  small  quantity  of  bismuth  oxalate  is  stirred  with  a  satu- 
rated potassium  oxalate  solution,  the  solid  phase  is  found  to.  be 
potassium  oxalate  containing  only  a  trace  of  bismuth,  the  bismuth 
oxalate  having  displaced  the  potassium  oxalate  in  the  solution. 
If  more  dilute  solutions  of  potassium  oxalate  be  used,  the  solid 
phase  approaches  the  composition  'Bit(CjO^)^K^Cfi^,  but  the 
double  salt  was  not  obtained  pure  in  this  way. 

Bismuth  oxalate  was  boiled  with  a  20  per  cent,  solution  of  potas- 
sium oxalate;  the  hot  solution  was  filtered  and,  on  cooling,  de- 
posited small,  white  crystals.  These  crystals,  dried  under  pres- 
sure, were  dissolved  in  hydrochloric  acid  and  the  solution,  aftei 
the  removal  of  bismuth,  was  evaporated  to  dryness,  ignited,  and 
the  potassium  determined  as  potassium  chloride ;  the  bismuth  was 
determined  as  the  sulphide  and  the  oxalic  acid  by  titration  with 
permanganate. 

Calculated  for 

BMC,04),K,C04.9XH,0.  Pwmd. 

Bismuth • 40.94  A0»9^ 

CiO* 34.56  34.54 

PotaMiuin 7.69  7.69 

Water , 16.81  (16.86) 

A  21  per  cent,  and  a  23  per  cent,  solution  of  potassium  oxalate 
gave  tlie  same  double  salt.  Bismuth  oxalate  was  then  boiled  witl 
a  solution  of  potassium  oxalate  saturated  at  room  temperature 
and  the  deposit  at  50**  contained  36.1  per  cent.  C2O4  while  that  ol> 

1  Ann.  Chem,  (Uebiy),  lof,  245- 
*  Btr.  d,  ckem.  Ges.^  j,  314. 


HEW  DOUBLB  OXALiLTB  OP  BISMUTH  Am>  A^MMONIUM.       729 

bioed  by  cooling  the  same  solution  from  50^  to  room  temperature 
ODotained  51.9  per  cent.  C^O^.  As  the  oxalates  described  by 
Sondiay  and  Lensson  would  contain  41.9  per  cent,  and  49  per 
oeotC,0«  respectively,  it  seems  probable  that  the  precipitates  from 
tk  more  saturated  solutions  are  mixtures  of  the  double  salt  de- 
scribed above  and  potassium  oxalate. 

CmOCAL  LASOHATOm Y    C:VIVCBSITT 

orTo&osrro,  Mfty,  1903. 


ANEW  DOUBLE  OXALATE  OP  BISMUTH  AND  AMMONIUM. 

Bt  p.  B.  AiXAjr  And  T.  A.  Pbillips. 
'  Racdvtd  May  ao.  1903. 

SoucHAY  AND  Lexssox^  dissolvcd  bismuth  oxalate  in  concen- 
tiated,  hot  anmionium  oxalate  solution  and  obtained,  on  cooling, 
t  doable  salt  to  which  they  gave  the  formula 

Bi,(C.O,),9(NH,)AO,24HA 
their  analyses  do  not  agree  very  closely  with  that  formula,  and  as 
me  experiments  made  in  this  laboratory  threw  doubt  on  the 
CDstence  of  this  complex  double  salt,  their  work  has  been  re'peated. 

A  4  per  cent,  scdution  of  ammonium  oxalate  was  boiled  with 
tisomdi  Qxatate,  using  a  reflux  condenser,  for  about  half  an  hour, 
nd  filtered  hot.  On  cooling,  this  solution  deposited  small,  white 
^?5Uls  which  were  dried,  under  pressure,  between  paper.  The 
A  was  easily  soluble  in  hydrochloric  acid.  The  bismuth  was 
^ttennined  as  the  sulphide,  the  oxalic  acid  by  titration  with  per- 
ttogan^e,  and  the  ammonia  distilled  over  by  boiling  with  potash, 
ikvrtcd  in  hydrochloric  acid  and  determined  in  the  usual  way. 

CalcnUited  for 
Bi9(Ct04V(NH4)sG5O48HsO.  Found. 

Kmnith 43-93  44-30 

c,o. 37.08  36.85 

Ammoniiun   3.81  3.78 

Witer 15.18  '  (15.07) 

Bbmuth  oxalate  is  only  slightly  soluble  in  ammonium  oxalate, 
ttd  large  quantities  of  the  solution  must  be  used  in  preparing  the 
Wfc  sak,  so  that  imperfect  filtering  or  the  slight  solubility  of 
hoc  salt  formed  during  the  boiling  would  account  for  the  high 
«he  found  for  bismuth  and  the  corresponding  low  values  for 
ttalic  add  and  ammonia. 

•ilwL  Ohm.  (UcM(),  !•! ,  845. 
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More  of  the  double  salt  was  prepared  by  using  ammonium 
oxalate  solution  saturated  at  25"^.  The  precipitate  deposited  at 
50^  gave  3.85  per  cent,  of  ammonia  and  was,  therefore,  the  same 
compound  as  the  first,  Dut  when  this  solution  cooled  to  room  tem- 
perature, it  yielded  two  kinds  of  crystals  which,  under  the  micro- 
scope, were  identified  as  the  double  salt  and  anmionium  oxalate, 
and  it  would  appear  that  the  salt  described  by  Souchay  and  Lens- 
son  was  a  similar  mixture. 

Cbskxcal  I«aborato&t.  Univbrsitt 
OP  ToKOXTO,  May;  1903. 


DOUBLE  HALIDBS  OF  TELLURIUM  WITH  THE  ALKA- 
LOIDS. 

Bt  VxcTOft  hsanm  akd  WntmuiD  Titus. 

Reetived  April  ay.  1903. 

It  has  been  previously  shown^  that  the  chloride  and  bromide  of 
tellurium  unite  with  the  salts  of  the  amijies  to  form  a  series  of 
double  salts  in  which  the  types  of  HaTeCle  and  H,TeBr,  are  con- 
sistently followed.  The  hydrogen  of  these  adds  may  be  con- 
sidered as  having  been  directly  replaced  by  the  complex  ammonium 
group,  or  the  tellurium  halide  may  be  looked  at  as  uniting  with  the 
molecules  of  the  hydrochloride  or  hydrobromide  of  the  amine. 

Following  the  same  line  of  work  with  the  alkaloids,  there  appear 
types  which  differ  considerably  from  the  first  or  most  simple  type. 

In  some  cases  i  molecule  of  the  alkaloid  unites  with  i  molecule 
of  H^TeCle  or  H,TeBre  while  in  others  2  molecules  of  the  alka- 
loids unite  with  i  molecule  of  the  tellurium  halogen  acids.  As  a 
rule,  the  salts  appear  to  follow  the  type  of  compounds  that 
HjPtCle  forms  with  the  alkaloids,  for  example,  with  quinine  there 
appear  the  salts  C«H^N,0,H,PtCl.+H,0  and  C^H^N,0,H,TeCl„ 
while  with  morphine  (Ci,Hi,NO,),H,TeClg  is  analogous  to 
(C,,H,,NO,).H,PtCl.  +  6H,0. 

However,  the  chloroplatinate  usually  crystallizes  with  water  of 
crystallization  while  these  new  compounds  are  anhydrous. 

The  method  of  procedure  for  the  formation  of  these  compounds 
consists  in  adding  a  strong  solution  of  tellurium  dioxide  in  hydro- 
chloric or  hydrobromic  acid  to  a  concentrated  solution  of  the  alka- 
loid in  the  corresponding  acid. 

1  This  Jonmal,  aa,  136. 
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In  most  cases  a  thick,  curdy  precipitate  immediately  forms. 
Tliis  precipitate  is  best  purified  by  recrystallization  from  hot, 
dHate  add  solution.  Inasmuch  as  the  alkaloid  chloride  or  bromide 
freqnently  separates  out  in  the  cold,  the  recrystallization  must  be 
done  hot.  Obtained  under  these  conditions,  the  salts  crystallized 
Tcij  well.  As  in  the  case  with  the  halogen  salts  of  the  amines 
with  tenurium,  the  alkaloids  form  yellow  dilorides  with  tellurium 
dUoride  and  red  bromides  with  the  bromide. 

AD  of  the  salts  obtained  are  permanent  at  the  ordinary  tempera* 
tnre,  but  are  easily  decomposed  by  heat.  Water  decomposes  them 
all  with  precipitaticm  of  tellurous  acid,  while  dilute  acids  readily 
dissolTe  diem. 

Analysis. — In  order  to  determine  the  composition  of  the  saljs, 
the  amount  of  halogen  and  tellurium  in  each  was  determined  and 
in  (me  salt  a  combustion  for  carbon  and  hydrogen  was  made.  The 
Uogen  was  determined  as  the  silver  salt  and  the  tellurium  was 
<ietennined  as  element. 

CHLORIDES. 

Quinine  Chtorotellurate,  C«>H,4N,0,.2HCl.TeCl4.— When  a 
strmg  station  of  tellurium  tetrachloride  is  added  to  a  strong  solu- 
tioo  of  quinine  in  hydrochloric  acid,  a  light,  curdy  precipitate 
fanns.  This  salt  can  be  readily  recrystallized  from  hot  dilute 
h-drodiloric  add.  It  contains  no  water  of  crystallization ;  at  150^ 
it  begins  to  decompose.  Water  decomposes  the  substance  at  the 
ofdinaiy  temperature. 

Analysis.— Calculated:  CI,  31.91;  Te,  19.12;  C,  36.01;  H, 
i%  Found:  CI,  31.86,  31.91 ;  Te,  18.55, 18.79;  C,  35.77,  35.53, 
36^;  H,  3.91,  3.74,  3.72. 

Cinchonine  Chlorotellurate,  (CigH2,N,0.2HCl.TeClJ.— This 
alt  fwins  light  yellow  crystals. 

Analysis. — Calculated :  CI,  33.44.    Found :  CI,  33.69,  33.64. 

Strychnine  Chtorotellurate,  (CjiH^NjOjHCOaTeCU,  appears 
« recrystallization  as  large,  bright  yellow  needles. 

Analysis. — Calculated:  CI,  21.05;  Te,  12.61.  Found:  CI, 
21.32.21.03,  21.20,  21.14;  Te,  13.13. 

Morphine  Chlorotellurate,  (C„Hi,N08HCl),TeCU.— This  sub- 
stance appears  as  dark  yellow  crystals,  and  is  the  most  stable  of 
*c  series  toward  heat. 

Analysis.— Calculated :  CI,  23.30;  Te,  13.97.  Found:  CI, 
^^123.67;   Te,  14.21. 
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Theobromine  Chlorotellurate,  (  CtH.N^OjHCI  )  .TeCU-— On 
bringing  tc^ether  the  acid  solution  of  the  alkaloid  and  tellurium 
tetrachloride,  no  precipitate  appears  as  with  the  other  substances, 
but,  on  standing,  the  light  yellow  salt  separates. 

Analysis. — Calculated:  CI,  30.44;  Te,  18.25.  Pound:  CI,  30.59, 
30.55;  Te,  18.59. 

Brncine  Chlorotelhtrate,  (CjaHjeN^O^HCOtTeCl^,— This  salt 
appears  as  light  yellow  crystals. 

Analysis. — Calculated:  CI,  18.81.    Found:  CI,  18.36,  18.90. 

With  aconitine  and  atropine,  non-crystalline  bodies  were  first 
formed  but  quickly  decomposed. 

BROMIDES. 

Quinine  Bromotellnrate,  (CaoH24Na022HBr)TeBr^.— This  salt 
forms  bright  red  crystals  and  is  easily  decomposed  by  heat. 

Analysis. — Calculated:  Br,  51.32;  Te,  13.67.  Found:  Br, 
51.27,  51.60;  Te,  14.09. 

Cocaine  Bromotellnrate,  (CiTH„N04HBr),TeBr4.— The  salt 
crystallizes  readily  in  large  carmine-red  needles.  It  is  quite  readily 
decomposed  by  heat. 

Analysis. — Calculated:  Br,  39.47;  Te,  10.48.  Found:  Br, 
39-59»  3914;  Te,  11.18. 

Brucine  Bromotellnrate,  (C,aH2,Ni04HBr),TeBr^.— This  salt 
appears  as  brick-red  crystals. 

Analysis. — Calculated :  Br,  34.26 ;  Te,  9.12.  Found :  Bf,  34.21, 
33.80;  Te,  8.50. 

Morphine  Bromotellnrate,  (C„H„N03HBr),TeBr4.— This  salt 
appears  as  dark  red  crystals. 

Analysis. — Calculated :  Br,  40.70 ;  Te,  10.81.  Found :  Br,  4042 ; 
Te,  10.70. 


ON  CERTAIN  FACTORS  INPLUENCINQ  THE  PRECIPI- 
TATION OF  CALClUn  AND  MAQNESIUH  BY  50- 
DlUn  CARBONATE. 

By  J.  M.  Stillmak  akd  Alvxn  J.  Cos. 

Received  Mvch  )o,  1903. 

The  data  contained  in  the  following  communication  were  ob- 
tained in  an  investigation  undertaken  primarily  to  determine  some 
of  the  conditions  which  modify  the  results  of  the  usual  processes 


PRECIPITATION  OP  CALCIUM  AND  MAGKBSIUM.  733 

for  At  purification  of  water  for  boiler-feed  purposes.  In  many  of 
the  waters  of  the  more  or  less  arid  regions  of  this  country  the 
caldtim  and  magnesium  salts  are  present  in  large  quantity,  and 
experience  has  shown  that  the  usual  methods  of  purification  by  the 
use  af  lime  and  sodium  carbonate  give  variable  results.  To  deter- 
imne,  if  possible,  some  of  the  conditions  affecting  the  problem,  the 
experiments  here  described  were  undertaken.  The  data  obtained 
are  biit  a  contribution  to  the  problem  stated,  but  they  have  also 
application  to  other  than  the  particular  technical  problem  men- 
tioned. 

L    INFLUENCE  OP  SALTS  OP  SODIUM  UPON  THE  PRECIPITATION  OP 
CALCIUM  ANO  MAGNESIUM  BY  SODIUM  CARBONATE. 

Solutions  of  calcium  chloride  and  of  magnesium  chloride  were 
prepared  of  such  concentration  that  25  cc.  of  the  calcium  solution 
gave  0.3285  gram  calcium  oxide,  and  25  cc.  of  the  magnesium 
sdution  yidded  0.6410  gram  magnesium  pyrophosphate. 

In  each  test  25  cc.  of  one  of  these  solutions  were  placed  in  a  100 
cc  flask,  the  desired  quantity  of  sodium  chloride  or  sodium  sul- 
phate added  in  the  form  of  a  standardized  solution,  sodium 
carbonate  then  added  in  solution,  so  that  unless  otherwise  specified 
I J  molecules  of  sodium  carbonate  should  be  present  for  each  mol- 
ecule of  calcium  chloride  or  magnesium  chloride  present.  Larger 
excess  was  avoided  as  being  foreign  to  the  problem  immediately 
under  consideration.  Water  was  added  to  make  the  volume  to 
100  cc  All  conditions  6f  manipulation  were  made  as  nearly  equal 
as  possible. 

A.  Influence  of  Sodium  Chloride  upon- the  Precipitation  of 
Calcium. — ^Two  series  of  tests  were  made  with  varying  quantities 
of  sodium  chloride.  In  each  series,  o,  2,  4,  6,  8  molecules  of 
sodium  chloride  were  added  for  each  molecule  of  calcium  chloridCi 
and  then  the  slight  excess  of  sodium  carbonate  was  added  and  the 
flasb  filled  to  100  cc.  One  series  was  then  brought  to  the  boiling- 
point  and  maintained  there  for  three  minutes ;  the  other  was  not 
heated.  Both  series  were  then  allowed  to  stand  at  room  tempera- 
ture for  seven  days. 

At  the  end  of  this  time  the  contents  of  the  flasks  were  filtered 
and  the  filtrate  tested  for  calcium  with  ammonium  oxalate.  No 
determinable  amount  of  calcium  was  present,  and  it  was  therefore 
oonchided  that  the  presence  of  sodium  chloride  has  no  important 
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influence  upon  the  precipitation  of  dilute  calcium  chloride  solutions 
by  sodium  carbonate. 

B.  Influence  of  Sodium  Chloride  and  Sodium  Sulphate  upon 
the  Precipitation  of  Magnesium, — ^Twenty-five  cc.  of  the  above- 
mentioned  magnesium  s(dution  weretreatedinasimilarmannerwith 
i:i2  molecules  sodium  carbonate  after  addition  of  o,  2,  4,  6,  8,  or  la 
molecules  of  sodium  chloride.  Duplicate  series  were  prepared  as 
before  and  one  boiled  for  three  minutes,  the  other  not.  At  the  end 
of  seven  days'  standing  the  solutions  were  filtered,  the  magnesium 
determined  as  pyrophosphate  in  50  cc.  of  the  filtrate,  and  the  entire 
amount  remaining  in  solution  estimated.  The  following  results 
were  obtained : 

MgiPfOy  in  floL  per  xoo  cc. 

Mote.  NaCl  for  Boiled  semples.  Not  boiled. 

X  mol.  MgClt.  Gram.  Gram. 

o 0.3486  0.4350 

2 0.4278  0.4766 

4 0.4378  0.4988 

6 0.4510  0.5150 

8 0.4700  0.5356 

10 0.4892  0.5590 

Total  amount  magnesium  as  Mg,P,Ox  per  100  cc.  before  pre- 
cipitation =  0.6410  gram.  The  influence  of  sodium  chloride  in 
diminishing  the  precipitation  is  here  evident,  and  the  brief  heating 
increases  the  precipitation.  It  may  be  here  stated  that  a  prelimi- 
nary experiment  similar  to  the  foregoing  gave  figures  showing 
similar  relations.  In  that  test,  however,* the  samples  stood  but 
four  days,  and  equilibrium  was  not  sufficiently  attained. 

With  sodium  sulphate  the  following  data  were  obtained,  the 
conditions  of  experiment  being  otherwise  as  with  the  preceding. 

l^St^fOr  in  aol.  per  loo  cc. 

MoU.  NajSOi  for  Boiled.  Not  boiled. 

X  mol.  MgCls.  Gram.  Gram. 

o 0.3486  0.4350 

2 0.4846  0.5568 

4 0.5816  0.6218 

6 0.5874  0.6412  DO  precipitate. 

8 0.5874  0.6406" 

10 " 

Total  amount  magnesium  as  Mg,P,OT  per  xoo  cc.  =  0.6410  gram. 

The  influence  of  the  sodium  sulphate  is  here  again  well  marked, 
but  seems  to  reach  its  maximum  under  the  conditions  of  this  ex- 
periment at  about  6  molecules  of  sodium  sulphate  to  i  molecule  mag- 
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oesium  chloride,  and  here,  as  before,  the  short  boiling  influences 
Ae  condition  of  equilibrium.    The  curves  in  Fig.  i  will  illustrate 

Tooo 


MouflkCl  0 


Fig.  I. 
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these  relations.  In  order  to  bring  out  more  clearly  the  relations, 
equivalent  quantities  of  the  two  salts  are  coincident  on  the  ab- 
scissas of  the  curves.  It  will  be  noticed  that  the  sodium  sulphate 
appears  to  exert  a  greater  influence  in  preventing  precipitation 
than  the  equivalent  quantity  of  sodium  chloride, 
n.     THE  INFLUENCE  OF  TIME  ON  PRECIPITATION  UNDER  VARYING 

CONDITIONS. 

This  factor  evidently  has  a  direct  bearing  on  the  problem  of 
water  purification. 

A  magnesium  solution  was  prepared  containing  magnesium 
equivalent  to  0.6520  gram  MgjPjO^  in  25  cc.  The  quantities  of 
magnesium  precipitated  by  sodium  carbonate  at  different  time 
intervals  were  determined  under  varying  conditions. 

First — In  soliitions  maintained  at  boiling  temperature.  For  this 
purpose,  the  solutions  were  heated  in  pressure-bottles  immersed 
in  a  boiling  salt-water  bath,  the  temperature  of  the  bath  being 
maintained  at  102 ^'-lo^.®  C.    Three  series  .were  heated  in  this  way. 

(a)  Twenty-five  cc.  of  the  magnesium  solution  (equivalent  to 
0.6520  gram  magnesium  pyrophosphate)  were  treated  with  1.2 
molecules  sodium  carbonate  per  i  molecule  magnesium  chloride, 
and  made  up  to  100  cc. 

.  (6)  Twenty-five  cc.  were  treated  as  above,  after  addition  of  4 
molecules  sodium  sulphate  to  i  molecule  of  magnesium  chloride. 

(c)  Twenty-five  cc.  were  treated  as  before, but  with  10  molecules 
of  sodium  chloride  instead  of  the  sulphate.  At  intervals,  the  pres- 
sure bottles  were  removed  from  the  bath,  the  contents  thrown  on  a 
filter,  and  50  cc.  of  the  filtrate  used  for  determination  of  magne- 
sium.   The  data  are  calculated  to  a  basis  of  100  cc.  of  solution. 

Magnesium  Remaining  in  Soz«nTiON  as  Mg|P,Oy  Per  100  cc. 


Hours. 

Gram. 

Hours. 

Gram. 

Hourt. 

Gram. 

AherV. 

O.I  176 

'U 

0.224% 

v« 

0.1634 

"  v. 

0.1036 

•  v« 

0.1946 

V. 

0.1498 

"    I 

0.0740 

I 

0.0960 

V. 

0.1322 

'•    a 

0.0164 

2 

0.0832 

I 

0.0698 

*••    > 

0.0108 

3 

0.0726 

.    3 

0.0522 

•  ( 

4 

0.0716 

3 

0.0420 

If 

/ 

4V. 

0.0406 

These  data  are  shown  graphically  in  Fig.  2. 
Second. — The  couise  of  the  reaction  was  studied  in  solutions 
maintained  at  room  temperature  without  agitation. 

For  this  purpose  flasks  containing  700  cc.  of  the  various  mix- 
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tnres  were  immersed  in  a  bath  of  running  water,  and  the  temper- 
ature thus  kept  withui  a  narrow  range  of  variation.  At  intervals, 
samples  were  removed  by  a  pipette  and  filtered,  and  the  magnesitun 
rcoiaining  in  solution  was  determined  in  50  cc.  of  the  filtrate. 

The  magnesium  solution  used  was  the  same  as  last  described, 
and  die  solution  of  calcium  chloride  used  contained  the  equivalent 
of  0.3285  g^ram  calcium  oxide  per  25  cc  The  proportions  em- 
ployed in  the  different  mixtures  are  given  as  per  100  cc.  of  the 
mixed  scdutions,  though  much  larger  quantities  were  made  up. 

The  following  series  of  tests  were  made : 


TiMC    IN   HOURS, 
Fig.  a. 

A, — ^Twenty-fivc  cc.  of  the  calcium  solution  were  treated  with  1.2 
molecules  of  sodium  carbonate  and  made  up  to  100  cc. 

The  calcium  as  calcium  oxide  remaining  in  solution  after  various 
time  intervals  was  found  as  follows : 

Of  the  total  0.3290  gram  calcium  oxide  present,  all  but  about 
3  per  cent,  was  precipitated  in  less  than  one- fourth  hour. 
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Calcium  OKide. 

Hours. 

Gram. 

After  V4 

0.0104 

"    •/♦ 

0.0104 

"     1V4 

O.OIOO 

•'    2 

0.0083 

"     3 

0.0076 

"     4  v. 

00062 

"     6V4 

0.0044 

"    8V* 

0.0032 

"    aoV* 

0.0000 

B. — ^The  magnesium  chloride  was  treated  under  the  following' 
varying  conditions : 

(a)  Twenty-five  cc,  with  1.2  molecules  of  sodium  carbonate  to 
100  cc.  solution. 

(b)  The  same  mixture  with  addition  of  10  molecules  of  sodium 
chloride. 

(c)  The  same  with  4  molecules  of  sodium  sulphate. 

(d)  The  same  with  10  molecules  of  sodium  sulphate. 
Magnesium  remaining  in  solution  iat  varying  time  intervals  as 

MgjPjO^  per  100  cc.  was  determined  as  follows : 

Total  quantity  as  Mg2P20T  per  100  cc.  of  solution  was  0.6520 
gram. 


(a). 

(*). 

ic). 

w. 

Hours. 

Oram. 

Gram. 

Gram. 

After  I 

0.4152 

0.5270 

0.5982 

No 

precipitate. 

"     3 

0.4084 

0.5252 

0.5832 

<( 

-     6V, 

0.4104 

0.52x6 

0.5908 

«c 

'•     12 

0.3924 

0.5072 

0.5760 

<< 

••     22 

0.3782 

0.4880 

0.5654 

.  tl 

'•    32 

0.3810 

0.4882 

0.5550 

t( 

•     46 

0.3154 

OUI484 

0.5560 

(1 

••     60V, 

0.2358 

0.3966 

0.5542 

«< 

-     80V, 

0.1634 

0.3094 

0.5498 

«l 

"    107  V, 

0.1278 

0.2320 

0.4824 

l( 

'•    131 V, 

O.Z240 

0.2204 

0.3928 

(f 

These  data  are  illustrated  in  the  curves  of  Fig.  3.  The  variations 
in  temperature  are  noted  on  the  upper  margin  of  the  chart.  It 
will  be  noticed  that  the  temperature  was  not  quite  constant,  and 
this  fact  may  be  partly  responsible  for  the  irregularities  of  the 
curves. 

Third. — ^The  influence  of  continuous  agitation  upon  the  course 
of  the  reaction. 

For  this  purpose  the  bottles  containing  the  mixtures  were  sub- 
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mitted  at  room  temperature  to  violent  agitation  by  means  of  a 
medianical  shaker  operated  by  a  motor.  Three  series  were  thus 
treated: 

(a)  A  magnesium  chloride  solution  containing  the  equivalent 
of  0^871  gram  magnesium  pyrophosphate  per  25  cc.  was  treated 
as  before  with  sodium  carbonate  and  diluted  to  100  cc.  for  dach  25 
cc  of  the  magnesium  solution. 

(b)  The  same  mixture  after  addition  of  10  molecules  of  sodium 
diloride. 

(c)  The  same  mixture  after  addition  of  4  molecules  of  sodium 
sulphate. 

The  shaking  was  interrupted  at  intervals  for  removing  samples, 
and,  as  before,  magnesium  was  determined  in  the  filtered  samples 
and  the  results  calculated  to  a  basis  of  100  cc. 
Magnisiuic  as  Mg,P,OT  Pbr  100  cc.  Solution  UNpaBcipiTxTBD. 


(a). 

(*). 

(c). 

Boon. 

Gram. 

Grain. 

Gram. 

AfteraV* 

0.43^ 

0.5288 

0.6476 

•    7V1 

0.4216 

0.6384 

*   13  v« 

0.1684 

0.5084 

0.6200 

•    ao'A 

0.1464 

0.4092 

0.6224 

•    34 

0.1432 

0.3360 

0.4316 

*    47 

0.1364 

0.3292 

0.3380 

•    61 

0.1372 

0.3260 

•    76 

0.1368 

0.2300 

0.3200 

'    99'/* 

0.1372 

0.3320 

In  the  curves  in  Fig.  3  these  data  are  plotted  after  recalculating 
to  correspond  to  a  total  content  before  precipitation  of  0.6520  gram 
instead  of  0.6871  gram  magnesium  pyrophosphate  per  100  cc,  so 
that  the  curves  may  be  better  compared  with  the  other  data  given 
on  the  chart.  On  the  same  diagram  are  also  reproduced  for  com- 
parison the  data  of  Fig.  2.  Comparison  of  these  curves  will  show 
that  in  every  case  the  influence  of  the  presence  of  sodium  chloride 
or  sulphate  is  to  diminish  the  precipitation  of  magnesium  by 
sodium  carbonate,  and  in  these  tests  the  sulphate  exerts  a  greater 
influence  in  this  direction  than  an  equivalent  quantity  of  the 
diloride.  It  would  be  premature,  however,  to  draw  any  sweeping 
qnantitative  generalizations  from  these  few  comparisons.  Even 
attempts  to  duplicate  as  exactly  as  possible  the  conditions  of  such 
a  scries  as  any  one  of  the  above,  so  far  as  our  experience  goes,  do 
not  g[ive  the  same  quantitative  relations.  The  reason  for  this  is 
easily  seen  in  the  difficulty  of  equalizing  all  conditions  to  which  the 
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establishment  of  equilibrium  is  sensitive.  On  the  other  hand,  the 
general  relations  of  the  influence  of  the  above-mentioned  salts  and 
of  temperature  and  agitation  upon  the  precipitation  of  magnesium 
by  sodium  carbonate  seem  to  be  quite  clearly  established. 

It  is  well-known  that  for  the  separation  of  magnesium  in  water- 
purification,  calcium  hydroxide  is  a  much  more  eflFective  precipi- 
tant than  sodium  carbonate.  In  order  to  obtain  an  approximate 
notion  of'  the  relation  of  this  reaction  to  such  data  as  above  6b» 
tained,  a  single  series  of  experiments  was  executed. 

A  magnesium  choride  solution  was  treated  with  a  clear  solution 
of  calcium  hydroxide  (free  from  alkalies),  with  and  without  the 
presence  of  sodium  chloride,  and  the  same  quantities  of  the  same 

TiMK^Tvma  •r  Mi»  jMrr^Mw  M  n£e«KM>mo  at  tmkm  ^tvtut  mn/OKNL 


,    u  ii."4k  sf  ik  u  n  n  ^  yo  H  /^  /y w  Affiudt 

TiNie    IN   HOURS. 

Fig.  3. 

solution  were  treated  under  the  same  conditions  with  an  equivalent 
quantity  of  sodium  carbonate.  Owing  to  the  greater  insolubility  of 
calcium  hydroxide,  it  was  necessary  to  use  a  more  dilute  magne- 
sium solution. 
The  magnesium  solution  contained  0.2063  gram  as  Mg^PaOr  in 

3750  cc- 

The  calcium  hydroxide  solution  contained  0.00144  gnun  as  CaO 
per  cubic  centimeter. 

Mixtures  were  made  as  follows : 
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3.75  cc  MgCl,        3.75  cc.  Mga, 
77.75  cc.  CaO(i.i  mol.)    do. 


3.75  cc.  MgCL 
4.07  cc.  Na,CO, 


18.50  oc  H,0 


18.50  cc.  NaCl  (10  92.18  cc.  H,0 
mol.) 


lOOuOO 


100.00 


100.00 


(40. 
3.75  cc.  MffCl, 
(i.imol.)    do. 
18.50  cc. 
(iomol.)NaCl 
73.68  cc.  H,0 

100.00 


The  data  are  here  given  per  i<X)  cc,  although  larger  quantities 
(400  cc.)  were  actually  used.  These  solutions werekeptagitatedby 
the  mechanical  shaker  at  room  temperature  and  sampled  at  inter- 
vals. The  following  quantities  of  magnesium  pyrophosphate  per 
100  cc.  were  found  in  the  filtered  samples. 

Total  amount  of  MgjPaOy  per  100  cc  is  0.2063  gram. 
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(tf). 

(*). 

{c). 

id). 

ra. 

Gram. 

Gram. 

Gram. 

Gram. 

iV, 

•  •  •  • . 

0.1984 

0.2124 

iV, 

0.0080 

I»/. 

0.0000 

.    .    . 

;,\ 

0.0000 

0.0076 

0.1936 

0.2048 

0.0000 

0.0072 

0.1908 

0.2028 

as  •'1 

0.0000 

0.0080 

0.1844 

0.1996 

31  v. 

0.0000 

0.0 100 

0.1828 

0.1956 

%l 

0.0000 
0.0000 

0.0096 
0.0084 

0.1820 
0.1788 

0. 1928 

0. 1928 

71 

0.0000 

0.0080 

0.1780 

0.1928 

93% 

0.0000 

0.0080 

0.1928 

99'/4 

0.0000 

0.1792 
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The  foregoing  data  are  produced  graphically  in  Fig.  4.  It  will 
be  noted  that  sodium  chloride  appears  to  have  some  influence  on 
the  precipitation  of  magnesium  by  calcium  hydroxide,  but  that 
nevertheless  the  precipitation  is  quite  complete.  In  the  parallel 
tests  with  sodium  carbonate,  the  amount  of  magnesium  held  in 
solution  by  sodium  chloride  is  less  in  proportion  to  the  entire 
amount  present  than  was  the  case  in  the  preceding  experiments 
with  solutions  of  somewhat  greater  concentration.  In  the  more 
dilute  solution,  only  about  6  per  cent,  of  the  magnesium  present 
was  held  in  solution,  while  in  the  less  dilute  about  15  per  cent,  was 
held  in  solution  by  10  molecules  of  sodium  chloride. 

There  is  no  intention  to  draw  any  generalizations  from  the 
single  experiment  with  calcium  hydroxide.  Other  experiments 
are  in  progress  in  this  laboratory  which  may  form  the  subject  of  a 
further  communication  on  similar  lines. 

Stanford  Univbrsity,  Cal. 
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In  the  course  of  an  investigation  of  the  action  of  the  various 
public  water  supplies  of  Massachusetts  upon  metallic  pipes,  it  be- 
came desirable  to  know  the  amount  of  free  carbonic  acid  contained 
in  these  waters  at  different  times,  as  the  results  of  many  experi- 
ments indicated  that  this  substance  was  in  a  large  measure  respon- 
sible for  the  action  of  water  upon  pipes,  especially  those  of  lead.* 

Carbonic  acid,  as  is  well  known,  may  exist  in  natural  waters  in 
three  forms :  Fixed  carbonic  acid  combined  directly  with  the  alka- 
line earth  bases,  calcium  oxide  and  magnesium  oxide,  to  form 
normal  carbonates,  half-combined  carbonic  acid,  and  free  carbonic 
acid. 

The  actual  existence  of  bicarbonates  of  calcium  and  magnesium 
in  solution  has  never  been  absolutely  proven,  as  these  salts  have 
never  been  isolated;  but  for  all  practical  purposes  these  com- 
pounds may  be  assumed  to  exist,  as  the  behavior  of  the  normal 
carbonates  in  solution  in  the  presence  of  an  excess  of  carbonic  acid 
leads  strongly  to  this  conclusion. 

^  Report  of  MassachusettM  State  Board  of  Health,  1898,  541 ;  >90o,  4B7- 
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If  more  carbonic  acid  than  is  necessary  to  form  bicarbonates 
with  the  alkaline  earth  bases  is  present,  it  remains  dissolved  in  the 
water  in  the  free  state,  and  is  generally  considered  as  a  true  add 
with  the  formula  H^CO,. 

When  a  water  containing  free  and  half-bound  carbonic  acid  is 
heated,  the  free  acid  is  easily  driven  off.  On  boiling,  the  half- 
bound  add  may  also  be  expelled,  though  completely  with  some 
difficulty,  resulting  in  the  precipitation  of  the  normal  carbonate 
with  which  it  was  combined. 

The  method  for  the  determination  of  carbcmic  acid  originally 
used  in  the  investigation  was  the  well-known  Pettenkofer  method,^ 
which  determines  the  sum  of  the  free  and  half*bound.  For  the 
separation  of  the  free  from  the  half-bound,  a  modification  devised 
by  Dr.  T.  M.  Drown  and  which  will  be  described  later  was  em- 
ployed. It  was  early  seen  that  in  the  Pettenkofer  method,  when 
carried  out  as  directed  in  most  works  on  anal3rtical  chemistry, 
there  were  several  sources  of  considerable  error,  and  some  modifi- 
cations were  introduced  in  order  to  avoid  these  errors. 

During  the  course  of  our  work  the  very  excellent  paper  on 
"The  Estimation  of  Carbonic  Acid  in  Water"  by  J.  W.  Ellms  and 
J.  C.  Benecker*  appeared,  recommending  the  Lunge-Trillich  or 
Seyler  method,*  and  experiments  were  made  by  us  with  this 
method,  and  also  with  the  method  of  boiling  off  the  carbonic  acid 
directly,  and  absorbing  in  potash  bulbs.  This  latter  method  is 
not  practicable  from  a  water  analyst's  point  of  view,  as  it  requires 
an  apparatus  too  complicated  for  use  in  the  fidd,  and  all  determi- 
nations of  free  carbonic  add  to  be  of  value  must  be  made  at  the 
source  of  supply,  as  a  water,  after  bdng  drawn,  very  soon  loses  a 
considerable  part  of  its  dissolved  carbonic  acid.  This  method  has 
been  used,  however,  as  a  check  on  the  other  two,  in  experiments 
upon  natural  waters  whose  carbonic  add  contents  were  unknown. 

It  is  the  purpose  of  the  following  pages  to  give  an  account  of 
a  series  of  results  obtained  with  the  three  methods,  and  to  point 
out  some  of  the  errors  in  each. 

THE  PETTENKOFER  METHOD. 

The  usual  mode  .of  procedure  is  given  by  Sutton*  as  follows: 
"loo  cc.  of  the  water  are  put  into  a  flask  with  3  cc.  of  a  strong 

>  N,  Rep,  Pkarm,^  lo,  x. 

>  This  Jownml,  sj,  405  (1901). 

*  Oum.  Nems^  7«,  104  (1894) ;  Analyst,  aa,  112  (1897). 
«  "  Volnmetrlc  AnalTsU."  tUi  edition,  1896,  p.  96. 
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solution  of  calcium  or  barium  chloride,  and  2  cc.  of  saturated  solu- 
tion of  ammonium  chloride;  45  cc.  of  baryta  or  lime-water,  the 
strength  of  which  is  previously  ascertained  by  means  of  deci- 
normal  acid,  are  then  added,  the  flask  well  corked  and  put  aside  to 
settle ;  when  the  precipitate  is  fully  subsided,  take  out  50  cc  of 
the  clear  liquid  with  a -pipette,  and  let  this  be  titrated  with  deci- 
normal  acid.  The  quantity  required  must  be  multiplied  by  3  for 
the  total  baryta  or  lime-water,  there  being  only  50  cc.  taken ;  the 
number  of  cubic  centimeters  so  found  must  be  deducted  from  the 
quantity  required  for  the  baryta  solution  added;  the  remainder 
multiplied  by  0.0022  will  give  the  weight  of  carbonic  acid  existing 
as  free  and  as  bicarbonate  in  the  100  cc.  The  addition  of  the 
barium  or  calcium  chloride,  and  the  ammonium  chloride  is  made 
to  prevent  any  irregularity  which  might  arise  from  alkaline  car- 
bonates or  sulphates  or  from  magnesia." 

The  reactions  which  take  place  between  the  barium  and  am- 
monium chorides  and  magnesium  are  fully  explaiited  in  Fresenius' 
"Quantitative  Analysis,"^  and  will  not  be  repeated  here. 

There  are  a  great  many  precautions  which  must  be  observed  in 
order  to  obtain  results  that  are  at  all  reliable.  Among  the  prin- 
cipal of  these  are* the  avcMdance  of  exposure  to  the  air  of  the 
barium  hydroxide  solution  and  of  the  sample  of  water  at  all  times 
especially  during  the  titration,  the  use  of  a  siphon  to  introduce  the 
sample  of  water  into  the  ground  glass-stoppered  bottle  in  which 
the  precipitation  is  made,  the  addition  of  ammonium  chloride  dur- 
ing the  standardization  of  the  barium  hydroxide  solution,  if  rosolic 
acid  is  used  as  an  indicator,  and  the  allowance  of  a  sufficient  time 
for  the  separation  of  the  carbonates  in  crystalline  form  before 
withdrawing  the  supernatant  liquid  for  titration. 

In  carrying  out  this  method  according  to  the  above  directions, 
even  with  a  strict  observance  of  all  the  precautions  noted,  there  are 
several  sources  of  considerable  error  that  do  not  seem  to  be 
generally  recognized.  They  are  due  to  the  fact  that  working  on 
such  a  small  quantity  of  water  as  100  cc.  and  employing  N/io  acid, 
very  slight  errors  in  the  titration  of  the  aliquot  portion  of  50  cc, 
in  measuring  out  the  sample  for  titr^ion  and  in  measuring  the 
original  sample,  make  a  considerable  difference  in  the  final  result. 

Long  practice  with  the  method  has  convinced  us  that  it  is  im- 
possible to  titrate  much  closer  than  0.05  cc,  due  principally  to  the 

>  Preseniut'  "  Quantitative  Aaaljrtit,*'  Bnglish  edition,  1889.  p.  405. 
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fact  that  the  best  indicator  that  we  can  use,  rosolic  acid,  is  some- 
what a£Fected  by  anunonium  salts,  and  the  end-point  is  a  little  un- 
certain.    Suppose,  for  example,  that  our  barium  hydroxide  is  ex- 
actly N/io,  45  oc.  equaling  45  cc.  of  our  sulphuric  acid,  that  our 
measurements  are  correct,  and  that  after  carrying  out  the  process 
aooording  to  Sutton*s  directions  we  obtain  a  reading  of  14.40  cc. 
add  for  the  aliquot  portion  of  50  cc.  which  we  titrate.    A  simple 
calculation  shows  this  to  be  equivalent  to  3.96  parts  per  100,000 
carbonic  acid  in  the  original  sample.     Suppose  that  instead  of 
14^0  cc.  our  acid  reading  had  been  14.35  ^^'  >  ^^^^  ^  similar  calcu- 
lation shows  this  to  be  equivalent  to  4.29  parts,  as  against  3.96  in 
the  first  case.     This  is  not  only  an  error  of  8.3  per  cent,  on  the 
value  3.96,  but  is  an  absolute  diflference  of  0.33  part  on  any  value, 
due  to  this  one  source  of  error. 

In  order  to  lessen  the  eflFect  of  all  three  of  these  ertors,  we  have 
modified  the  details  of  the  method  as  follows : 

Ground  glass-stoppered  bottles  of  i6-ounce  capacity,  holding 
approximately  480  cc,  are  accurately  calibrated  by  weighing  com- 
pletely filled' with  water.  The  bottle  is  filled  with  the  water  to  be 
analyzed  by  means  of  a  siphon,  the  glass  stopper  inserted  leaving 
DO  air  bubble,  and  the  neck  of  the  bottle  wiped  dry.  The  glass 
stq>per  is  then  carefully  removed,  and  57  cc.  of  the  water  with- 
drawn by  means  of  an  accurately  calibrated  pipette,  in  order  to 
make  room  for  the  reagents.  Three  cc.  of  strong  barium  chloride 
solution  (8  grams  per  liter),  2  cc.  of  saturated  anunonium  chlo- 
ride solution,  and  50  cc.  of  standard  barium  hydroxide  are  then  in- 
troduced, the  bottle  quickly  stoppered,  well  shaken,  and  set  aside 
to  settle. 

There  is  now  in  the  bottle  an  air  space  of  only  2  cc,  which  is 
left  to  avoid  the  possibility  of  loss  of  liquid  when  the  st<H>per  is 
inserted.  After  the  precipitated  carbonates  have  completely 
settled  out,  several  portions  of  100  cc.  are  siphoned  off  and  titrated 
with  N/50  sulphuric  acid,'  which  is  prepared  from  our  N/io  acid, 
against  which  the  barium  hydroxide  is  standardized,  by  carefully 
dfluting  with  water  freed  from  carbonic  acid  by  boiling.  The  barium 
hydroxide  that  we  use  is  approximately  N/iS,  and  is  carefully 
preserved  out  of  contact  with  the  air,  the  bottle  in  which  it  is  kept 
being  fitted  with  an  arrangement  whereby  the  air  is  drawn  through 
soda-lime  before  entering  either  the  bottle  or  the  burette.  The 
%ure  obtained  by  averaging  several  results  of  titration  of  portions 
of  100  cc.  is  taken  as  the  true  value. 
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The  use  of  this  large  quantity  of  water  and  the  titration  of 
loo-cc.  portions  reduce  considerably  the  errors  due  to  the  difficulty 
of  obtaining  the  exact  end-point,  and  those  due  to  inaccuracies 
of  measurement. 

The  decrease  in  the  concentration  of  the  barium  hydroxide  solu- 
tion, due  to  the  increase  in  the  volume  of  our  sample,  renders  it 
necessary,  in  some  cases,  to  allow  a  longer  time  than  is  usually 
given  for  the  complete  precipitation  of  the  carbonates.  Standard 
solutions  of  free  or  of  combined  carbonic  acid  seem  to  settle  out 
well  on  standing  over  night  (that  is,  twelve  to  sixteen  hours), 
but  some  natural  waters  require  longer.  We  have  generally  found 
that  samples  made  up  in  the  afternoon  of  one  day  and  titrated  in 
the  morning  of  the  second  day  after,  have  stood  a  sufficiently  long 
time. 

The  following  table  shows  one  of  many  series  of  results  ob- 
tained by  our  method  with  standard  solutions  of  sodium  carbonate 
half  neutralized  with  sulphuric  acid. 


Taken. 

Found. 

I.IO 

0.99- 

I.IO 

1.05 

I.IO 

1.06 

I.IO 

1.08. 

2.20 

1.98] 

2. 20 

2.15 

2.20 

2.23 

2.20 

2.20 

3.30 

312 

3.30 

3.2IJ 

4.40 

4.21 

4.40 

4.15 

4.40 

4.23 

4.40 

4.28 

Carbonic  acid.    (Parts  per  100,000.) 

Average. 
1.05 

2.14 
3- 17 


Error. 
Per  cent 


4.5 


4.22 


2-7 


4.0 


4.0 


These  samples  all  stood  twenty-four  hours  before  titrating,  and 
the  carbonic  acid  was  all  in  the  half-combined  state.  A  great 
many  experiments  were  also  performed  in  which  the  sodium  car- 
bonate was  completely  neutralized  by  sulphuric  acid,  thus  gi\nng 
all  the  carbonic  acid  in  the  free  state.  These  results  were  invaria- 
bly lower  than  the  results  on  half-bound,  due  undoubtedly  to  loss 
of  free  carbonic  acid  during  manipulation. 

In  order  to  see  if  more  complete  precipitation  could  be  ob- 
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tained  by  allowing  the  samples  to  stand  a  longer  time,  the  follow- 
ing series  of  detenninations  was  made : 

Carbonic  Acid.    (Parts  per  loo.ooo.) 


Tine  stood. 
Hoars. 

Tskcn. 

Pound. 

i8 

2.20 

2,25 

66 

2.30 

2.16 

"3 

2.20 

2.07 

Average,    2.16 
It  is  seen  that  the  shortest  period  of  the  three  gave  complete 
precipitation^  thus  showing  that  the  cause  of  low  results  in  our 
first  table  was  not  because  of  insufficient  time  allowed  for  the 
carbonates  to  separate  out. 

The  following  table  shows  a  series  of  determinations  of  carbonic 
add  in  natural  waters,  and  in  the  same  waters  after  the  addition 
of  known  amounts  of  carbonic  acid  (as  half-bound)/ 


Water 
Ko. 

sSS^. 

0.00 

T.. ......  . 

0.00 

1* ■••••■■' 

2.20 

2.20 

0.00 

2 

0.00 
2.20 

2.20 

0.00 

0.00 

3 ^ 

2.20 

2.20 

(Parta  per  100,000.) 

ToUl 
found. 

I.15; 
1.27) 

3.51 

352 

1-43 

1.58J 

3.61 

3.56  j 

1.32 

1. 21 

3.54 

3.54 


Mean. 
I.2I\ 

3.52^ 

I.5M 

\ 


Farts  added 
found. 


2.31 


359-' 


1.27 


2.08 


2.27 


Average,    2.22 
SEPARATION  OP  FREE  FROM  HALF-BOUND. 

In  order  to  separate  the  free  from  the  half-bound  carbonic  acid. 
Dr.  T.  M.  Drown  has  devised  the  following  apparatus :  A  piece 
of  glass  tubing  about  2.5  feet  long  and  ^  of  an  inch  in  diameter, 
drawn  out  at  one  end  to  a  small  aperture,  is  inserted  through  a 
robber  stopper  into  the  mouth  of  an  aspirator  bottle  having  a  side 
tabular.  The  glass  tube  is  filled  with  gravel  about  the  size  of  peas. 
A  strong  current  of  air  is  drawn  down  through  the  gravel  by 
means  of  an  aspirator  or  pump,  while  the  water  is  slowly  dropped 

'  Half-bound  added  Instead  of  free  in  order  to  avoid  loss  of  free  carbonic  acid  in 
[  up  Bolutions. 
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into  the  tube  at  the  top  from  a  separator}'  funnel  at  the  rate  of 
about  two  drops  a  second.  The  water  collects  in  the  bottle,  and 
when  in  sufficient  quantity  is  withdrawn,  and  the  half-bound 
carbonic  acid  determined  by  the  Pettenkofer  method  as  before. 
By  this  means  the  free  carbonic  acid  is  eliminated  from  the  water, 
while  the  half-bound  is  unaffected.  Ifthewaterisveryhighinfree 
carbonic  acid,  it  might  be  necessary  to  pass  it  through  the  column 
a  second  time,  but  for  most  waters  once  is  sufficient.  The  loss  in 
volume  due  to  evaporation  has  been  found  to  be  only  about  i  per 
cent.,  with  a  vacuum  of  2.5  pounds,  and  may  be  neglected 
in  most  instances.  The  following  table  shows  a  series  of  results 
on  standard  solutions  made  by  wholly  or  partially  neutralizing 
solutions  of  sodium  carbonate  with  sulphuric  acid. 

Separation  op  Free  from  Half-Bound  CO,.    ( Parts  per  100,00a.) 


Taken. 


Found. 


Pree. 

Half. 
Douna. 

Half- 
bound. 

Mean. 

Remarks 

4-40 
4.40 

2.20 
2.20 

2.22 
2.27 

2.25 

Aspirated 

2 
2 

drops 
If 

per 

second. 

4.40 

2.20 

2.31 
2.28 

2.30 

I 

drop 

i( 

«i 

4.40 

2.20 

I 

i« 

f  1 

»« 

4.40 

2.20 

2.17 
2.19 

2..S 

twice,  2 

drops  per  second 

4.40 

2.20 

"     2 

«« 

fi        «< 

1. 10 
1. 10 

1.67 
1.67 

1.90 

1.77 

1.84 

2 
2 

drops  per 

second. 

0.00 
0.00 

2.20 
2.20 

231 
2.30 

2.31 

2 
2 

1. 10 
1. 10 

1. 10 
1. 10 

1.22 
I.2I 

1  '■" 

2 
2 

2.20 
2.20 

1. 10 
1. 10 

1.05 
I.I9J 

■  ■" 

2 

2 

2.20 
2.20 

2.20 
2.20 

2.36I 
2.31  J 

2.34 

2 
2 

Care  must  be  taken  to  keep  the  water  dropping  at  a  uniformly 
slow  rate,  and  to  keep  the  current  of  air  drawing  steadily  through 
the  tube.  If  the  free  carbonic  acid  is  not  all  expelled,  then,  of 
course,  the  half-bound  result  is  high,  and  the  figure  for  free, 
being  obtained  by  subtracting  the  half-bound  from  the  sum,  is 
naturally  low.  With  careful  work,  however,  the  method  gives 
very  good  results,  and  is  more  convenient  than  the  modification  of 
the  Pettenkofer  method  introduced  by  Trillich  in  order  to  accom- 
plish the  separation  of  the  free  from  the  half-bound. 
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THE  LUNGE-TRILLICH  OR  SEYLER  METHOD. 

This  method  is  very  ccnnpletely  discussed  in  the  paper  by  Ellms 
and  Beneker,  and  is  recommended  by  them  as  preferable  to  any 
other  volumetric  method  for  the  determination  of  free  and  half- 
bocmd  carbonic  add  in  natural  water.  It  depends  upon  the  as- 
sumption that  in  the  bicarbonates  of  the  alkaline  earth  bases  there 
is  I  mdecule  of  half-bound  carbonic  add  for  each  molecule  of 
fixed,  and  that  these  bicarbonates  are  neutral  to  phenolphthalein. 

When  a  solution  containing  free  carbonic  add  is  titrated  with 

sodium  carbonate,  with  phenolphthalein  present  as  an  indicator, 

sodium  bicarbonate  is  formed;    this  being  neutral  to  phend- 

I     phthalein,  as  soon  as  all  the  free  carbonic  acid  is  used  up,  any 

I     fnther  addition  of  sodium  carbonate  produces  a  pink  color.    Thus 

I     the  free  carbonic  add  is  obtained  directly.    By  a  determination  of 

the  fixed  carbonic  add  by  Hdiner's*  process,  the  half-bound  is 

obtained,  as  we  have  assiuned  this  to  equal  the  fixed  when  the 

water  is  add  to  phenolphthalein. 

,        When  the  water  is  alkaline  to  phenolphthalein,  the  phenolphthal- 

j     cm  alkalinity  is  first  determined,  and  then  the  total  alkalinity  with 

I     laanoid  or  methyl  orange,  according  to  Hehner's  process.    Twice 

the  phenolphthalein  alkalinity  subtracted  f  1:0m  the  total  alkalinity 

I     gives  the  half-bound  carbonic  acid,  no  free  acid  being  present  in 

j     Ais  case,  and  the  half-bound  being  less  than  the  fixed — ^that  is, 

some  of  the  normal  carbonates  are  held  in  solution  without  the 

aid  of  any  naif-bound. 

If  no  free  carbcHiic  acid  is  present,  the  half-bound  may  equal 
the  fixed,  and  the  water  will  be  neutral  to  phenolphthaldn.  There 
is  another  condition  in  which  carbonic  add  might  occur  in  a  free 
state  which  is  mentioned  by  Seyler,  but  which  would  occur  so 
rardy  in  a  natural  water  that  it  is  hardly  necessary  to  consider. 

The  mode  of  procedure  is  as  follows :  For  the  determination 
of  the  free  carbonic  add,  100  cc.  of  the  sample  are  introduced 
into  a  tall  glass  cylinder  (a  100  cc  nitrite  tube)  by  means  of  a 
siphon,  5  or  6  drops  of  a  neutral  alcohol  solution  of  phenol- 
phthalein of  the  usual  strength  added,  and  N/50  sodium  carbonate 
nm  in  from  a  burette  with  careful  stirring,  until  a  permanent  faint 
pink  color  is  obtained.  If  the  water  is  high  in  free  carbonic  acid, 
it  is  better  to  take  less  than  100  cc,  and  in  any  case,  great  care 
nmst  be  exercised  in  manipulation,  especially  in  not  stirring  too 

*  Bnms  :  This  Joonwl,  ai ,  359  (1899). 
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vigorously,  in  order  to  avoid  loss  of  carbonic  acid ;  on  the  other 
hand,  the  titration  should  be  quickly  completed  in  order  to  avoid 
absorption  of  carbonic  acid  from  the  air,  which  readily  takes  place 
during  the  end  of  the  reaction.  Great  care  is  necessary  m  the 
standardization  of  the  solutions  and  in  their  preservation,  in 
order  to  avoid  absorption  of  carbonic  acid. 

For  the  determination  of  the  fixed  carbonic  acid,  from  which 
the  halt-bound  is  calculated,  the  well-known  method  of  Hehner  is 
employed.    The  writers  prefer  methyl  orange  as  an  indicator. 

The  following  table  shows  the  action  of  sodium  carbonate  solu- 
tions with  the  two  indicators,  when  titrated  with  sulphuric  acid. 


Solution  No.  z. 


SoluUoti  No.  a. 


CC    HSSO4. 


cc.  Ht304. 


CC. 

MeUiyi 

Phenol- 

cc. 

Methyl 

NatCO,. 

onnge. 

phthalein. 

NajCO,. 

orange. 

10 

9.75 

4.85 

10 

965 

10 

9.67 

4.90 

10 

9.62 

10 

9.73 

4.85 

10 

9.63 

10 

9.70 

4.84 

.. 

... 

10 

9.75 

4.89 

.- 

... 

Phenol- 
phthaletn. 

4.78 

4.80 

4.80 


Average,    9.72  487  963  480 

With  phenolphthalein  as  an  indicator,  only  half  the  quantity  of 
acid  is  required  to  give  an  end-point  as  with  methyl  orange. 

THE  DIRECT  METHOD. 

This  method  for  the  determination  of  carbonic  acid  consists  in 
boiling  off  the  gas  in  a  suitable  apparatus,  fitted  with  a  return-flow 
condenser  and  drying  tubes,  and  absorbing  the  carbonic  acid  in  a 
weighed  potash  bulb  or  soda-lime  tube.  Various  modifications  of 
the  apparatus  have  been  employed  by  different  workers,  but  the 
form  that  we  have  found  quite  satisfactory  is  constructed  as  fol- 
lows :  A  liter,  round-bottomed  flask,  supported  on  a  lamp-stand, 
contains  the  sample  of  water,  and  a  perforated  rubber  stopper 
fits  tightly  into  the  neck  of  this  flask.  Through  one  perforation 
passes  a  return-flow  condenser,  while  through  the  other  passes  a 
tube  bent  so  as  to  form  a  water-seal,  and  carrying  at  its  upper  end 
a  small  separatory  funnel. 

The  return-flow  condenser  is  a  tube  about  24  inches  long  and 
0.5  inch  in  diameter  for  7  inches  of  the  lower  end  and  5  inches  of 
the  upper  end,  while  the  main  body  of  the  tube  is  i  inch  in  diame- 
ter, and  is  surrounded  by  a  water-jacket.  This  form  of  tube  is 
employed  in  order  to  give  a  large  condensing  surface. 
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A  small  delivery  tube  conducts  the  carbonic  acid  gas  through 
a  U-tube  containing  glass  beads  moistened  with  sulphuric  acid, 
thence  throug^h  another  U-tube  containing  fused  calcium  chloride, 
thence  to  the  potash  bulb.  Beyond  the  potash  bulb  is  a  tube  con- 
taining soda-lime,  to  remove  carbonic  acid  from  any  air  acci- 
dentally drawn  back  into  the  bulb  during  the  process. 

Before  each  analysis  the  apparatus  is  freed  from  carbonic  acid 
by  boiling  water  in  the  flask,  and  aspirating  while  cooling,  until 
the  bulb  weighs  constant.  When  the  flame  is  removed,  an  aspira- 
tor is  attached  to  the  last  tube,  in  order  to  draw  through  any 
carbonic  acid  which  may  be  present,  and  to  equalize  the  pressure 
before  disconnecting  the  bulb.  All  the  air  which  enters  the  ap- 
paratus is  drawn  through  a  Liebig  bulb  containing  caustic  potash 
solution  and  connected  widi  the  separatory  funnel. 

The  free  and  half-bound  carbonic  acid  are  thus  determined 
together  in  this  apparatus.    In  order  to  differentiate,  the  fixed  may 
be  decomposed  by  sulphuric  acid  introduced  by  means  of  the 
separatory  funnel  after  the  free  and  half-bound  are  expelled,  and 
the  carbonic  acid  evolved  absorbed  in  the  weighed^  bulb  as  before. 
From  these  data,  the  half-bound  acid  may  be  calculated. 
The  following  table  shows  a  few  results  by  this  method  on 
standard  solutions.    In  order  to  avoid  loss  of  carbonic  acid,  they 
were  prepared  by  measuring  into  the  flask  the  required  amount  of 
dilate  sulphuric  acid,  then  introducing  the  weighed  amount  of 
sodium  carbonate  wrapped  in  a  bit  of  paper.    Before  the  reaction 
could  take  place,  the  flask  was  quickly  stoppered. 
Carbonic  Acn>.    (Parts  per  100,000.) 
TAken.  «    Pound. 

Flree.  Half-bound.  Sum.  Rree.  Half-bound.  Sum. 

3.  JO  ...  ...  3.20 


4.47 

4.40 
4,40  •••  •••  4-40 

a.93                  1.47               4.40                    ...  ...               4.30 

5.23                 0.59               3-82                    •••  •-•               3.60 

1.47                 '-47               2.94                  1.47*  i.ao              2-67 

a.93                 1.47              4.40                  3.07*  1. 13              4.20 


3°^ 
8.53 


1.47  '-47  2-94  1.73*  '.27 

5.87  2-93  550 

5.87  a.93  8.80  ...  3.00 

>  In  cwry  caae  the  aum  of  the  free  and  the  half-bound  add  to  determined  first,  and 
tkea  the  a^^^a  from  irbich  the  half-bound  to  calcuUted.  The  free  to  thus  always  obtained 
bydiffereBoe.  aod  any  error  in  either  the  sum  or  the  half-bound  slfects  the  free  result :  in 
hct  theie  error*  are  frequently  in  the  same  direction,  so  that  the  sccuracy  of  the  free  r^ 
tAmuUmm  gw^mt  aa  that  of  the  other  figures. 
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These  results  show  the  method  to  be  capable  of  giving  fairly 
accurate  results,  on  standard  solutions,  at  least,  especially  when 
the  carbonic  acid  is  all  in  the  free  state.  When  there  is  half- 
bound  also  present,  it  is  somewhat  more  difficult  to  obtain  accurate 
results,  the  tendency  being  for  them  to  be  low  on  account  of  the 
difficulty  of  expelling  the  last  traces  of  half-bound  carbonic  acid. 
A  source  of  some  trouble  in  the  method  when  a  potash  bulb  is 
used  is  the  tendency  of  the  potash  solution  to  go  over  into  the 
drying  tube,  due  to  the  strong  suction  which  it  is  necessary  to 
apply  in  order  to  keep  the  current  moving  always  in  the  right 
direction. 

In  working  with  natural  waters,  this  method  has  been  applied 
only  to  clear  and  colorless  waters  containing  little  organic  matter, 
as  according  to  some  writers,  in  some  waters,  especially  those 
which  are  polluted  with  sewage,^  decomposition  of  unstable  or- 
ganic matter  at  the  boiling  temperature  may  liberate  free  carbonic 
acid. 

COMPARATIVE  DETERMINATIONS  BY  ALL  THREE  METHODS  ON 
NATURAL  WATERS. 

In  experiments  on  standard  solutions  with  various  methods 
of  determining  carbonic  acid,  the  conditions  are  quite  different 
from  those  obtained  in  actual  practice,  as  it  is  impossible  to  pre- 
pare the  standard  solutions  so  that  they  are  similar  in  composition 
to  natural  waters,  since  the  composition  of  the  natural  waters  in 
which  we  are  called  upon  to  determine  carbonic  acid  varies  greatly. 
For  this  reason  a  series  of  results  obtained  by  any  method,  in  solu- 
tions of  carbonic  acid  in  distilled  water  does  not  necessarily  deter- 
mine to  what  degree  of  accuracy  the  method  may  be  relied  upon  in 
actual  practice.  This  is  especially  true  of  the  Seyler  method,  as 
the  titration  of  solutions  of  carbonic  acid  made  by  partially  or 
completely  neutralizing  sodium  carbonate  solutions  with  sulphuric 
acid  amounts  to  little  more  than  a  restandardization  of  the  solu- 
tions. The  errors  that  are  found  in  such  results  are  the  errors  of 
standardization  and  of  manipulation  in  making  up  the  solutk>ns. 
Also,  in  both  the  Pettenkofer  and  the  Seyler  methods  the  prin- 
cipal cause  of  low  results  on  free  carbonic  acid  is  due  to  the  loss 
which  unavoidably  occurs  before  the  method  can  be  fairly  applied. 

The  following  table  shows  a  series  of  determinations  on  natural 
waters  of  varying  composition : 

>  Burgbmrdt :  Chem.  News,  1887,  p.  lax. 
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1^ 

^KsoMxc  Acid. 

(P*rt.] 

periobyooa 

) 

— .                       e«3ri«-. 

Modified  Pettenkofer.i 
Free.    HmlMxmnd.    8am. 

Direct 

^      Pree.      ^EalMxn&t&d. 

Son. 

boiling. 
Sum. 

I         X.9B 

O.S7 

a.55 

... 

... 

2.60 

2,53 

2       a.oa 

0.6a 

2.64 

1.90 

0.69 

2.59 

2.40 

3        0.7S 

0.70 

1.45 

... 

... 

1.25 

... 

4         1.0X 

0-57 

1.58 

0.21 

0.48 

0.69 

1.47 

5          i.xo 

1.3a 

a.42 

... 

... 

1.92 

2.67 

6          0.7^ 

«>-53 

1.32 

... 

... 

I.I3 

1.20 

7          0.97 

x.xo 

a.07 

1.05 

1.19 

2.24 

8          0.70 

0.97 

1.67 

0.84 

0.70 

1.54 

9           1.7^ 

x.aS 

3.04 

1.84 

1.34 

3.18 

10           0-57 

x-a3 

1.80 

0.77 

uot 

1.84 

II           o.sS 

o.a6 

0.52 

0.13 

0.44 

0.57 

12               2.2K> 

0.44 

2.64 

a.19 

©.61 

2.80 

13               0.57 

o.a6 

0.83 

0.51 

0.33 

0,84 

»4             0.75 

0-53 

1.28 

a32 

0.77 

1.09 

15        0.75 

X.85 

2.60 

0.99 

1.57 

2.56 

16           0.9a 

X.45 

a.37 

0.88 

1. 18 

2.06 

17        o.a4 

x^3a 

2.16 

0.93 

I.03 

X.95 

x8             0.26 

x>.4o 

0.66 

0.15 

0.34 

0.49 

X9            0-70 

0.31 

1. 01 

0.45 

0.28 

0.73 

ao            0.04. 

1.41 

1.45 

O.II 

0.83 

0.94 

3X             0.88 

1.06 

1.94 

I.OO 

0.64 

1.64 

as            0.97 

0.66 

1.63 

1. 18 

0.24 

i.4i 

as            a-^ 

0.48 

3.1a 

0.91 

0.31 

1.22 

34.           0.6a 

0.70 

1.32 

0.65 

0.20 

0.85 

as            a.a9 

1.45 

3.74 

... 

... 

3.66 

as           a.86 

0.31 

3.17 

... 

... 

1.85 

«7            x-94 

1. 01 

2.95 

... 

... 

2.36 

*           X.94 

a^a 

3.86 

.-.. 

... 

2.87 

It  is  a  ratlier  difficult  matter  to  make  comparisons  of  the  two 

principal    methods,   the   Seyler   and   Pettenkofer,    for  the   fol* 

lowing  reasons:    All  the  waters  were  acid  to  phenolphthalein 

and    so    by    the    Seyler   method   the    free   carbonic   acid   was 

phenoli^thalein  and  so  by  the  Seyler  method  die  free  acid  was 

detennined  directly,  and  the  half-bound  calculated  from  the  fixed, 

v^faicfa   is  determined  by  Hehner's  method.    Thus,  the  free  and 

tbe  half-bound  represent  actual  determinations,  while  the  sum  is 

nsiturally  obtained  by  adding  these  two  results  together.    In  our 

modification  of  the  Pettenkofer  method,  on  the  other  hand,  the 

sam  and  the  half-bound  represent  actual  determinations,  while  the 

6-ec  is  obtained  by  difference.    It  is  thus  seen  that  the  only  one  of 

g,  jr^^^  cacpelte^  bjr  aspinting.  snd  the  batf-bonnd  detennined  ;  thia  figure  subtracted 
up^,  Ctee«ma  fto  ^^«  tBc  free- 
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the  three  figures  which  represents  an  actual  determination  in  both 
methods  is  the  figure  for  half-bound;  and  unfortunately,  in  one 
method,  the  Seyler,  this  figure  is  obtained  independently  of  the 
free,  while  in  our  modification  of  the  Pettenkofer  method  this 
figure  is  dependent  on  the  thoroughness  with  which  the  free  is 
expelled  by  aspiration. 
A  study  of  the  table  shows  the  following  facts : 

1.  In  seven  out  of  twenty  cases  in  whidi  complete  results  were 
obtained  by  both  methods,  no  result  by  either  method  differs  from 
the  corresponding  result  by  the  other  method  by  over  0.20  of  a 
part.  This  is  a  large  percentage  difference,  to  be  sure,  when  the 
figure  is  low,  but  is  a  small  absolute  difference  when  the  oppor- 
tunities for  error  are  considered,  and  as  far  as  our  present  knowl- 
edge of  the  significance  of  carbonic  acid  in  a  drinking-water  goes, 
such  small  differences  are  not  important. 

2.  Considering  only  the  half-bound  results,  as  these  figures  are 
more  nearly  comparable  in  both  methods,  it  is  seen  that  in  thirteen 
out  of  twenty  cases,  in  which  the  half-bound  was  determined,  the 
Seyler  result  is  highei  than  the  modified  Pettenkofer.  This  seems* 
to  indicate  that  the  method  of  separation  of  the  free  from  the  half- 
bound  by  aspiration  in  the  modified  Pettenkofer  method  can  be 
relied  upon  for  sufficient  accuracy. 

3.  Considering  the  figures  for  the  sum  of  the  free  and  half- 
bound  obtained  by  both  methods,  it  is  seen  that  in  twenty  instances 
out  of  twenty-eight  in  which  the  sum  was  determined,  the  result 
by  the  Seyler  method  was  higher  than  that  by  the  modified  Petten- 
kofer. In  experiments  Nos.  i,  2  and  6,  the  results  on  the  sum  of 
the  free  and  half-bound  by  three  methods  vary  less  than  o.io  part 
from  the  average  of  the  three  figures. 

4.  Considering  the  free  results,  it  is  seen  that  out  of  twenty 
determinations,  the  Seyler  method  gave  higher  results  in  ten,  or 
just  half. 

From  these  few  comparisons  it  appears  that  the  Seyler  method 
tends  to  give  higher  results  than  the  modified  Pettenkofer,  and 
that  these  higher  results  are  nearer  the  true  value  is  shown  by  the 
results  obtained  by  the  boiling  method,  and  also  by  the  experi- 
ments on  standard  solutions. 

To  know  the  amount  of  the  carbonic  acid  that  is  in  the 
free  state  is  of  the  most  importance  to  the  water  analyst,  so  it  is 
the  result  on  the  free  acid  that  really  deserves  the  most  attention. 
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It  will  be  seen  from  the  table  that,  although  half  the  free  results 
by  the  modified  Pettenkofer  method  are  higher  than  those  by  the 
Styltr,  yet  there  are  some  results  which  are  erratic.  For  example, 
in  experiment  tia.  4,  the  strni  by  the  Seyler  method  checks  well 
with  the  result  obtained  by  the  boiling  method,  and  the  results 
(Ml  half-bound  by  both  the  Seyler  and  the  modified  Pettetikofer 
methods  agree  'well,  yet  the  sum,  and  hence  the  free  which  de- 
pends upon  ity  is  much  lower  in  the  modified  Pettenkofer  than  in 
die  Seyler.  Ttiis  is  only  one  example  among  many  similar  ones 
which  have  occurred  and  which  we  have  not  given  in  our  table. 

The  cause  of  these  erratic  results  which  frequently  occur  in  the 
Pettenkof ei;  method  is  not  apparent  from  any  of  our  experiments. 
It  is  a  weU-known  fact  that  magnesium  is  liable  to  influence  the  re- 
sults somewhat,  but  whatever  might  be  learned  by  experiments 
with  standard  solutions  containing  magnesium,  our  experience  has 
shown  that  the  erratic  results  frequently  obtained  by.  this  method 
widi  natural  waters  cannot  often  be  traced  directly  to  this  element 

Considering  the  experiments  of  other  investigators,  together  with 
those  which  we  have  performed,  it  seems  that  there  is  something 
to  be  said  in  favor  of  each  method.  Both  methods  require  the 
utmost  care  in  manipulation,  this  being  especially  true  of  the 
Seyler  method  for  the  determination  of  free  carbonic  acid.  The 
advantages  of  the  Pettenkofer  method  seem  to  be  the  less  liability 
to  loss  or  absorption  from  the  air  of  free  carbonic  acid  during  the 
determination  of  the  sum  or  half-bound,  while  the  longer  time  and 
more  apparatus  required  to  complete  the  determination  constitute 
a  disadvantage.  In  regard  to  accuracy,  the  results  are  generally 
somewhat  low,  especially  with  waters  low  in  carbonic  acid,  and 
frequent  erratic  results  are  obtained.  The  presence  of  magnesium 
salts  is  also  a  possible  source  of  difficulty. 

The  Seyler  method  has  the  advantage  of  convenience  and  quick- 
ness of  execution,  but  the  determination  of  the  free  carbonic  acid 
by  titration  with  phenolphthalein  as  an  indicator  is  a  matter  of  con- 
siderable uncertainty,  and  under  some  conditions,  of  difficulty.  Dis- 
turbances due  to  the  presence  of  magnesium  salts  are  avoided  in 
this  method,  and  the  determination  by  Hehner's  method  of  the 
fixed,  from  which  the  half-bound  is  calculated,  is  satisfactory. 
The  results  by  this  method  are  liable  to  be  somwhat  low,  but  not 
as  low  as  those  by  the  Pettenkofer. 

Neither  method  can  be  relied  upon  to  give  results  always  within 
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a  certain  percenta^je  of  the  true  values,  and  thus  neither  has  a 
preeminent  claim  to  scientific  accuracy ;  for  practical  work  in  water 
analysis,  however,  the  Seyler  method,  in  the  hands  of  an  experi- 
enced operator,  especially  on  account  of  rapidity  of  completion, 
has  much  to  commend  itself,  and  it  is  our  purpose  to  employ  it  in 
our  r^^lar  work. 

MAaiACBUaSTTS  STATB  BOAUD  OP  HBAX/TH, 

lABO&ATORT  SOS  WATBR  AKALTSU,  BOflTOK,  MAM. 


TITRATIONS  WITH  POTASSIUM  lODATE. 

BT  I^UNCBLOT  W.  AlTDRSWS. 
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As  is  well  known,  when  potassium  iodide  is  titrated  with  chlo- 
rine water  in  a  neutral  solution,  the  reaction  which  takes  place  is 
expressed  b^  the  equation : 

KI  +  3CI,  +  3H,0  =  KCl  +  HIO,  +  5HCI.         ( I ) 

On  the  other  hand  it  may  not  be  so  well  known  that  if  a  large  ex- 
cess of  free  hydrochloric  acid  is  present  during  the  titration, 
chlorofonn  or  carbon  tetrachloride  being  used  as  before  for  an 
indicator,  the  reaction  will  be 

KI-|.Cl,  =  KCl-fICl.  (2) 

In  both  cases  the  end  of  the  reaction  is  shown  by  the  inuniscible 
solvent  becoming  colorle98.  If  instead  of  chlorine  water  we  titrate 
with  a  solution  of  potassium  iodate,  the  stage  at  which  the  reaction 
stops  is  likewise  dependent  upon  the  concentration  of  the  acid.  If 
this  be  low,  the  reaction  goes  no  further  than  to  set  the  iodine  free 
in  accordance  with  the  equation 

5KI  +  KIO,  +  6HC1  =  6KC1  +  3I,  +  3HA  (3) 

while  if  a  great  excess  of  hydrochloric  acid  is  present  the  reaction 
runs 

2KI  +  KIO,  +  6HC1  =  3KCI  +  3ICI  +  3H,0,  (4) 
the  immiscible  solvent  remaining  violet  in  the  former  case  (No.  3), 
but  in  the  latter  becoming  colorless,  while  the  supernatant  sdution 
turns  bright  yellow  from  the  iodine  chloride.  The  probable  ex- 
planation of  this  behavior  is  that  iodine  chloride,  as  the  salt  of  a 
very  weak  base,  undergoes  hydrolysis  in  a  neutral  or  feebly  acid 
solution,  with  the  production  of  the  corresponding  hydroxide  and 
acid ;  thus. 
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ICl  +  H,0  =  lOH  +  HCl,  (5) 

flic  iodous  hydroxide  ("hypoiodous  acid"),  which  is  formed,  un- 
dergoing spontaneous  conversion  into  iodic  acid,  etc.,  whereas  the 
hydrolysis  is  prcv^ted  by  a  great  excess  of  hydrochloric  acid. 

The  reaction  of  equation  (i)  was  used  long  ago  by  A.  and  F. 
Dapre^  for  the  titration  of  iodides.  In  order  to  compare  the  reac- 
tkms  of  the  first  two  equations,  I  titrated  5  cc.  of  a  decinormal 
potassium  iodide  solution  with  chlorine  water  in  presence  of  5  oc. 
of  chlorofonn.  After  the  addition  of  754  cc.  of  the  latter  the 
dilorofonn  became  colorless.  The  titration  was  now  repeated  with 
Ac  further  addition  of  respectively  15,  20  and  30  cc.  of  strongest 
hydrochloric  add  and  the  amounts  of  chorine  water  required  were, 
254,  25.22  and  25.25  cc,  the  end  reaction  being  of  extraordinary 
diarpness.  Nearly  three  times  as  much  chlorine  was,  therefore, 
required  in  the  absence  of  hydrochloric  acid  as  in  its  presence,  as 
die  theory  demands.  Probably,  if  the  small  amount  of  acid 
produced  by  the  reaction  itself  (equation  i)  had  been  neutralized 
by  die  addition  of  calcium  carbonate,  the  theoretical  amount  of 
75.75  cc  of  chlorine  solution  would  have  been  required.  In  order 
to  judge  the  influence  of  smaller  quantities  of  acid,  the  titration 
was  repeated  with  addition  of  i,  2,  5  and  10  cc.  of  concentrated 
hydrochloric  acid,  when  respectively  34.1,  26.9,  26.0  and  25.6  cc. 
of  chlorine  water  were  requireVl. 

From  these  preliminary  experiments,  it  appeared  that  the  hy- 
drolysis of  the  iodine  chloride  might  be  wholly  inhibited  by  addi- 
tion of  a  sufficiency  of  add  and  that  a  solution  of  potassium  iodate 
might  be  successfully  substituted  for  the  chlorine  water,  thus 
realizing^  the  reaction  of  equation  4.  9.7465  grains  of  acid  potas- 
sium iodate  were  dissolved  in  water  and' made  up  to  i  liter.  Ac- 
cording to  the  theory,  each  cubic  centimeter  of  this  solution  should 
be  equivalent  to  16.6  mg.  of  potassium  iodide.  To  10  cc.  of  a  solu- 
tion of  pure  potassium  iodide  (20.6  grams  to  the  liter),  5  cc.  of 
cUorofomi,  20  cc  of  water  and  30  cc  of  concentrated  hydrochloric 
add  (sp.  gr.  1.21)  were  added  and  the  mixture  was  titrated  in  a 
glass-stoppered  bottle  of  250  cc  capacity,  with  the  iodate  solution, 
phalrtng  briskly,  until  the  chloroform  lost  its  color,  the  end-point 
being  exceedingly  sharp.  1243  ^^'  ^^  ^^^  iodate  solution  were 
required.  Hence,  0.20634  gram  potassium  iodide  was  found 
against  0.20600  taken,  or  100.17  per  cent.     In  a  second  ex- 
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periment,  15  cc  of  the  iodide  solution  titrated  in  the  same  way 
with  33  cc.  of  hydrochloric  acid  and  no  additional  water,  required 
18.62  cc.  of  the  iodate  solution,  corresponding  to  0.30900  gram 
found,  against  0.30900  gram  taken,  or  100.00  per  cent.,  found. 

The  process  as  described  can  be  applied  fo  the  titration  of 
chromates.  For  this  purpose  the  chromate  is  added  to  an  excess 
of  a  titrated  potassium  iodide  solution,  with  5  cc  of  chloroform 
and  sufficient  concentrated  hydrochloric  acid  to  be  at  least  half  the 
volume  of  the  entire  mixture  at  the  close  of  the  titration.  The 
titration  is  then  carried  out  precisely  as  described  above.  In  one 
experiment  of  this  sort,  36.3  mg.  of  potassium  pyrochromate  were 
taken  and  36.8  mg.  found. 

The  following  experiment  shows  the  applicability  of  the  process 
to  the  titration  of  free  iodine:  0.3447  gram  of  pure  iodine  was 
weighed  and  placed  in  the  stoppered  bottle  previously  used,  with 
5  cc.  of  a  potassium  iodide  solution  containing  20.6  grams  per 
liter,  10  cc.  of  fuming  hydrochloric  acid  and  5  cc.  of  chloroform 
were  added,  and  the  titration  was  carried  out  in  the  usual  way. 
Required:  19.85  cc.  of  standard  iodate.  Since  6.20  cc.  are  re- 
quired for  the  iodide,  13.65  cc.  remain  as  corresponding  to  the 
free  iodine,  or  0.3467  gram  iodine  found ;  100.46  per  cent. 

To  determine  whether  the  method  can  be  used  for  determina- 
tion of  chlorates,  and  under  what,  conditions,  the  succeeding  ex- 
periments were  tried.  Five  cc.  of  a  solution  of  potassium  chlorate 
containing  70.3  mg.  of  the  pure  salt  was  added  to  25  cc  of  the 
potassium  iodide  solution  mentioned  above  and  50  cc  of  fuming 
hydrochloric  acid.  After  standing  fifteen  minutes  in  the  stoppered 
bottle,  5  cc.  of  chloroform  were  added  and  the  titration  com- 
pleted. Required:  13.65  cc.  of  the  iodate.  As  the  iodide  is 
equivalent  to  31.0  cc,  17.35  cc.  correspond  to  the  chlorate,  whence 
70.9  mg.  of  potassium  chlorate  were  found.  In  a  second  similar 
experiment  pnly  40  cc.  of  hydrochloric  acid  were  used,  and  the 
mixture  was  titrated  at  once,  without  standing.  In  this  case 
13.98  cc.  of  iodate  were  required,  hence  69.55  ^S*  ^^  chlorate  were 
found.  This  shows,  as  was  expected,  that  the  chlorate  must  be 
Jeft  for  some  time  in  contact  with  the  hydrochloric  acid  and  potas- 
sium iodide  for  the  completion  of  the  reaction.  In  a  third  experi- 
ment exactly  similar  to  the  last  except  that  the  mixture  was 
allowed  to  stand  twenty-four  hours  before  titration,  13.77  cc.  of 
iodate  were  required,  whence  70.41  mg.  of  chlorate  were  found. 
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It  is  therefore  a  matter  of  indiflference  whether  the  time  of  diges- 
tion is  a  quarter  of  an  hour  or  twenty-four  hours.  In  a  fourth 
experiment,  5  cc.  of  another  potassium  chlorate  soluticMi  contain- 
ing 3346  mg.  of  the  pure  salt  was  allowed  to  stand  for  ten  minutes 
with  10  CO.  of  iodide  solution  and  20  cc.  of  fuming  hydrochloric 
acid,  then  5  cc  of  chloroform  were  added,  and  the  titration  was 
performed.  Required:  4.23  cc.  of  iodate.  Calculated  for  the 
iodide,  1240  cc.,  whence  33.39  mg.  of  chlorate  were  found.  Other 
experiments,  not  necessary  to  detail,  show  that  there  must  be  a 
decided  excess  of  iodide  as  compared  with  the  chlorate;  otherwise 
the  results  are  likely  to  be  a  little  too  low.  The  necessary  working 
conditions  for  the  titration  of  a  chlorate  can  be  prescribed  as 
follows. 

To  the  solution  of  the  chlorate,  add  an  exactly  known  amount 
of  pure  potassium  iodide  (a  titrated  solution  may  be  used),  in  a 
glass-stoppered  bottle,  and  an  amount  of  fuming,  pure  hydrochloric 
add  at  least  one-third  greater  than  the  volume  of  the  solution. 
Close  the  bottle  tightly  and  allow  it  to  stand  fifteen  minutes  after 
shaking,  then  add  5  cc.  of  chloroform.  On  now  shaking,  the 
dilorofarm  must  become  deep  violet.  If  the  color  is  pale,  an  in- 
sofBciency  of  iodide  has  been  added,  and  it  is  better  to  begin  again 
rather  than  to  attempt  to  bring  the  analysis  into  order.  Now  add 
the  decinormal  iodate  with  intermittent  violent  shaking  until  the 
diloroform  becomes  colorless,  which  point  can  be  estimated  with 
the  utmost  precision.  Each  cubic  centimeter  of  a  decinormal 
iodate  solution  is  equivalent  to  2.782  mg.  of  (ClOj)'. 

SoluticHis  of  arsenious  acid  or  chloride  can  be  titrated  in  the 
same  way  as  icxlides,  the  reaction  being  expressed  by  the  equation 

2AsCl,  +  KIO3  +  5H,0  =  2H3ASO,  +  KCl  +  ICl  +  4HCI. 

In  this  case,  however,  unlike  the  other,  a  too  great  concentration 
of  hydrochloric  acid  must  be  avoided,  ?ince  under  those  conditions 
the  end-point  becomes  obscure,  probably  a'  phenomenon  connected 
with  the  formation  and  dissociation  of  arsenic  pentachloride.  The 
suitable  concentration  of  the  acid  is  therefore  confined  within 
somewhat  narrow  limits,  but  not  so  narrow  as  to  cause  any  practi- 
cal difficulty  in  working.  It  was  found  that  30  per  cent,  of  hydro- 
diloric  acid,  calculated  on  the  weight  of  the  entire  liquid  at  the 
dose  of  the  titration,  exceeds  the  permissible  maximum  limit,  while 
25  per  cent,  does  not.    On  the  other  hand,  the  minimum  limit  is  in 
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theneighborhood  of  12  to  15  per  cent,  of  add.  For  the  experi- 
ments noted  below,  a  solution  of  sodium  arsenite  was  employed  in 
which  the  amount  of  arsenious  oxide  had  been  determined  by 
titration  with  iodine  solution  in  the  ordinary  way.  Taken :  25  cc. 
arsenious  solution  (243.8  mg.  AsjO,)  and  50  cc.  of  fuming  hydro- 
chloric acid.  Required :  24.45  cc.  decinormal=242.i  mg.  of  arseni- 
ous oxide.  Taken  15  cc.  arsenious  solution,  5  cc.  hydrochloric  acid, 
and  10  cc.  water.  Required :  4.91  cc.  of  iodate  =  48.6  mg.  Found : 
48.8  mg.  by  iodine  titration.  Taken:  20  cc.  arsenious  solution 
and  40  cc.  hydrochloric  acid.  Required :  19.69  cc.  iodate  =  194.9 
mg.  arsenious  oxide.  Found:  194.7  mg.  by  iodine  titration. 
Taken:  15  cc.  arsenious  solution  and  30  cc.  hydrochloric  acid. 
Required :  14.79  cc.  iodate  =  146.4  mg.  arsenious  oxide.  Found : 
146.3  mg.  by  iodine  titration. 

To  summarize:  Add  to  the  arsenious  solution  an  amount  of 
fuming  hydrochloric  acid  sufficient  to  make  the  hydrochloric  acid 
equal  to  about  20  per  cent,  of  the  entire  mixture  at  the  end  of  the 
titration,  and  5  cc  of  chloroform ;  then  run  in  from  a  burette  as 
large  a  proportion  as  can  be  judged  of  the  whole  amount  of  deci- 
normal  iodate  requisite^  shake  well  and  continue  titrating  with 
the  iodate  until  the  chloroform  is  colorless.  Each  cubic  centimeter 
of  the  standard  solution  corresponds  to  9.9  mg.  arsenious  acid  or 
7.5  mg.  arsenic. 

The  determinatiotn  of  antimony  is  precisely  like  that  of  arsenic. 
A  solution  was  prepared  of  pure  recrystallized  potassium  anti- 
monyl  tartrate,  containing  31.251  grams  per  liter.  Twenty-five  cc 
of  this  were  mixed  with  30  cc.  hydrochloric  acid  and  20  cc.  water, 
and  titrated  as  usual.  23.62  cc.  of  the  iodate  were  required, 
equivalent  to  784.6  mg.  tarter  emetic  found  as  against  781.3  mg. 
taken.  In  this  determination  the  amount  of  hydrochloric  acid 
should  have  been  greater  by  15  cc  In  the  next  experiment,  25 
cc.  of  the  antimonious  solution  with  25  cc.  of  hydrochloric  acid 
required  23.50  cc  of  iodate,  equivalent  to  780.6  mg.  of  antimony 
salt  found  (781.3  taken).  Twenty-five  cc  antimony  solution  with 
35  cc.  fuming  hydrochloric  acid  required  23.54  cc.  of  iodate, 
whence  is  calculated  781.2  mg.  potassium  antimonyl  tartrate. 

Since  copper  does  not  interfere  in  the  least  with  the  application 
of  the  method,  it  is  possible,  for  example,  to  titrate  the  arsenic  in 
Paris  green  directly  without  preliminary  separation.  Thus,  20 
cc.  of  a  sodium  arsenite  solution  with  20  cc.  of  fuming  hydro- 
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diloric  acid  required  8.95  cc.  of  iodate;  the  same,  plus  i  g^am  of 
copper  sulphate,  required  9.00  cc.  of  iodate.  For  the  analysis  of 
Paris  green,  0.5  gjam  of  the  substance  is  dissolved  in  15  cc.  of 
water  and  25  cc.  of  fuming  hydrochloric  acid,  and  directly  titrated 
with  5  cc.  of  chloroform  and  the  decinormal  solution  of  iodate. 

Ferrous  salts  can  be  titrated  in  exactly  the  same  way  as 
iodides.  Taken :  2.0874  g^ams  ammonium  ferrous  sulphate.  Re- 
quired: 26.06  cc.  iodate,  equivalent  to  297.6  mg.  iron  found,  or 
14.26  per  cent-  Theory :  14.25  per  cent.  Unlike  the  titration 
with  potassium  permanganate,  oxalic  acid  does  not  interfere  with 
thisdetermination.  Taken :  2.0843  grams  ammonium  ferrous  sul- 
phate and  I  g^ram  oxalic  acid.  Required :  25.95  ^^'  iodate,  equiva- 
lent to  296.3  mg.  iron,  or  14.22  per  cent.    Ferric  salts  do  not  in- 

I  terfere  with  any  of  these  titrations,  nor  do  bromides  to  any  serious 
extent,  if  the  amount  is  small.  The  end-reaction  in  the  titration 
of  ferrous  salts  is  somewhat  slow  and,  in  spite  of  the  satisfactory 
results  of  the  test  analyses,  is  lacking  in  the  sharpness  that  dis- 
tinguishes the  other  titrations  described  in  this  paper.  This  diffi- 
culty appears  to  be  avoided  by  the  addition  of  a  small  amount  of 
manganous  chloride,  but  the  point  requires  further  examination. 

I       The  method  which  has  been  described  is  adapted  to  the  deter- 

!  mination  of  almost  all  the  substances  to  which  Bunsen's  process 
of  distillation  with  potassium  iodide  and  hydrochloric  acid  is  ap- 

I  l^Ue,  with  at  least  equal  precision,  with  less  expenditure  of 
time  and  far  simpler  apparatus.  It  is  furthermore  applicable  in 
certain  cases  in  which  the  Bunsen  method  is  not,  as,  for  example, 
4e  titraticm  of  arsenic  or  antimony  in  the  presence  of  copper  and 
ferric  compounds. 
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The  question  of  the  permanence  of  modem  steel  structures, 
whether  the  iron  and  steel  used  therein  is  slowly  corroding  and  will 
in  time  cause  great  calamity  by  the  collapse  of  these  structures, 
bas  led  chemists  and  engineers  to  make  extensive  researches  into 
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the  stability  of  iron  and  sted  exposed  to  atmospheric  influence. 
Both  exposed  and  embedded  iron  are  subject  to  progressive  oxi- 
dation under  certain  conditions,  and  evidence  of  this  is  offered 
in  the  record  of  many  cases  of  rusting  of  girders  and  "I"  beams 
of  railroad  and  other  bridges,  while  manufacturers  of  paints  have 
long  endeavored  to  make  a  coating  of  material  which  would  pre- 
vent corrosion  and  oxidation. 

The  success  of  such  coatings  depends  mostly  upon  the  skill  of 
the  workmen  and  their  proper  application.  A  good  paint  improp- 
erly applied  is  relatively  as  poor  as  a  paint  of  lesser  merit  Red 
lead,  for  instance,  is  condemned  as  often  as  onnmended  and  it  is 
probable  that  those  who  have  commended  it  have  had  it  properly 
applied  by  skilful  workmen  under  favorable  conditicms,  and  then 
had  it  covered  by  better  paint.  At  the  same  time,  it  -may  be  re- 
garded as  an  axiom  that  it  is  a  blunder  to  apply  a  corrosive  oxide 
to  a  material  that  will  corrode.  If  a  paint  be  in  itself  a  carrier  of 
oxygen,  and  the  iron  or  steel  be  subjected  to  the  action  of  alter- 
nate dampness  or  dr3mess  or  of  air  charged  with  carbon  dioxide, 
progressive  oxidation  is  sure  to  take  place  and  the  tensile  strength 
of  the  metal  to  be  materially  reduced.  Such  conditions  may  readi- 
ly occur  when  a  beam  is  placed  in  a  porous  wall.  Rapid  and  con- 
tinuous oxidation  takes  place,  if  steel  or  iron  which  is  partly 
rusted  is  covered  with  red  lead  and  left  exposed. 

About  fifteen  years  ago  a  pamphlet  was  published  in  Germany 
intended  to  prove  that  this  oxidation  is  due  to  electrolytic  action, 
and  while  the  quantity  of  electricity  involved  has  not  been  meas- 
ured, nor  positive  evidence  of  it  adduced,  it  seems  plausible  that  such 
a  condition  may  exist.  An  iron  bar  bedding  in  stone,  packed  with 
metallic  lead  at  the  point  where  it  enters  the  stone,  always  rusts 
rapidly,  suggesting  electrolytic  action.  When  two  pieces  of  steel 
come  in  contact  in  a  building,  rapid  oxidation  occurs  at  the  point 
of  contact,  and  this  is  particularly  true  of  bolt-heads  and  grill 
foundation  work. 

If  a  clean,  pure,  cement  concrete  is  packed  hard  against  an  iron 
or  steel  surface,  little  or  no  oxidation  can  take  place,  especially  if 
free  lime  has  been  liberated  in  the  setting  of  the  cement;  but 
violent  oxidation  can  take  place  if  cinder  concrete  containing  iron 
oxide,  other  metallic  oxides,  free  chlorine  or  any  trace  of  a  sulphide 
be  used. 

Pieces  of  anchor  chains,  which  have  been  embedded  in  concrete 
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wort  than  200  years,  have  been  found  in  Spain  in  a  state  of  per- 
fect preservation.  Large  quantities  of  metal  unearthed  in  Italy 
and  Greece,  extremely  old,  embedded  in  cement  or  concrete,  are 
I  wonderfully  well  preserved.  These  and  other  observations  led  me 
to  experiment  with  Portland  cement  for  the  protecticMi  of  iron  and 
steel  against  oxidation. 
I  Poitland  cement,  prepared  from  pure  materials  in  molecular  pro- 
portions, consists  of  tricalcium  silicate  and  dicalcium  aluminate  in 
a  state  of  sclid  solution  and  in  the  proportion  of  85  per  cent,  of 
SiO^aCaO  and  15  per  cent,  of  AljO,.2CaO.  A  Portland 'cement 
naj  also  exist  in  which  the  altiminate  is  replaced  by  dicalcium  f  er- 
rite.  Fe,0,.2CaO.  When  such  a  cement  is  treated  with  water,  it  is 
i  decomposed,  hydration  takes  place,  and  hydrated  calcium  silicate  of 
bwer  tkasidty,  combined  with  an  alumina  or  iron  compound,  is 
{onned  and  the  product  is  known  as  set  cement.  Free  lime  is 
Eberated  at  the  same  time  and  this  explains  why  linseed  oil  paint 
applied  to  newly  set  cement  is  ineffective  and  why  a  proper  mix- 
ture of  cement  over  iron  precludes  oxidation. 

I  am  indebted  to  Mr.  Clifford  Richardson  for  the  use  of  certain 

thin  sections  of  typical  Portland  cements  and  synthetic  compounds 

prqared  to  illustrate  the  structure  and  physical  properties  of  these 

important  substances.     I  have  made  photo-micrographs  of  these 

I   MioDs  which  have  been  reproduced  in  the  following  illustrations. 

I   In  the  plates 

Fig.  I  r^resents  synthetic  SiOa-SCaO. 

Kg.  2,  synthetic  SiO,.Al,0,.6CaO. 

Kg.  3,  synthetic  SiOj.4Al,03.ioCaO. 

Fig,  4,  Universal  Portland  cement  clinker. 

Fig.  6,  Portland  cement  clinker  containing  7  per  cent.  FejO, 
ffldnoAl^O,* 

Fig.  7,  Celite  in  Portland  cement  clinker. 

Kg.  8,  synthetic  2Al,0,.3CaO. 

Kg.  9,  synthetic  SiOj.aCaO. 

Fig.  10,  tricalcium  aluminate,  Al203.3CaO. 

Fig.  II,  Felite  rods  in  Portland  cement  clinker. 

Fig.  A,  properly  treated  Portland  cement,  finely  ground  and 
^Aich  sets  quickly,  magnified  100. 

Kg.  B,  best  commercial  Portland  cement,  magnified  100.  not  fit 
br  paint  protection. 

To  confirm  the  value  of  Portland  cement  for  the  protection  of 
»oo  and  steel,  I  prepared  cement  having  the  composition  above 
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indicated,  that  is,  85  per  cent,  of  tricalcium  silicate  and  15  per 
cent,  of  dicalcium  aluminate,  in  solid  solution  with  each  other. 
This  substance,  reduced  to  fine  powder,  was  mixed  with  water  to  a 
thin  paste  and  applied  to  plates  of  steel.  The  coated  plates  were 
subjected  to  various  unfavorable  influences,  tending  to  cause  them 
to  corrode  and  rust.  About  2  in.  of  one  end  of  each  plate  was  left 
uncovered,  and  this  space  was  in  every  case  badly  rusted.  When 
the  treatment  was  completed,  the  plates  were  all  photographed 
and  the  photographs  reproduced  in  the  following  illustrations. 

In  the  illustrations.  Figs.  C  and  D,  i  to6,  and  AtoF,  respectively, 
represent  the  same  set  of  plates  which  were  submerged  in  earth 
through  which  was  passed,  for  a  period  of  three  months,  a  current 
of  electricity  from  a  crow  foot  battery  of  two  cells.  The  earth 
was  moistened  alternately  with  ammonia,  weak  nitric  acid,  and  an 
aqueous  solution  of  ammonium  chloride  and  water.  The  plates 
were  set  in  a  row,  parallel  with  each  other.  In  the  illustrations. 
Fig.  C,  I  to  6  represents  the  anode  sides,  and  Fig.  D,  A  to  F,  the 
cathode  sides  of  the  plates. 

Fig.  7  represents  the  plate  which  was  connected  with  the  anode 
wire  and  8,  that  connected  with  the  cathode  wire. 

Fig.  C,  7,  and  Fig.  D,  G  show  that  the  anode  plate  was  com- 
pletely rusted  even  around  the  edges,  while  Fig.  C,  8  and  Fig.  D, 
H  show  that  the  anode  plates  were  much  better  preserved. 

In  Fig.  C,  plate  No.  i  was  properly  treated  with  pure  Portland 
cement.  When  removed  from  the  g^und  it  was  perfectly  pre- 
served and  showed  no  trace  of  oxidation. 

Plate  No.  2  was  treated  with  commercial  Portland  cement  con- 
taining some  metallic  iron  and  calcium  sulphate.  Marked  incrus- 
tation of  rust  appeared  under  the  cement. 

Plate  No.  3  was  coated  with  an  oil  paint  and  afterward  covered 
with  cement.    It  was  fairly  well  protected. 

Plate  No.  4  was  first  coated  with  cement  and  the  latter  after- 
ward covered  with  oil  paint.    The  steel  was  perfectly  preserved. 

Plates  Nos.  5  and  6  were  covered  respectively  with  different 
samples  of  Portland  cement,  the  covering  of  No.  5  being  worthless 
and  that  of  No.  6  excellent. 

Fig.  E,  plates  numbered  9  to  17,  respectively,  were  coated  with 
various  cement  and  paint  preparations,  and  subjected  to  the  action 
of  different  conditions  and  reagents.  The  effect  in  each  case  is 
indicated  in  the  illustration. 
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Plate  No.  9  was  coated  in  the  same  way  as  plate  No.  i  and  for 
three  months  was  sprinkled  with  water  once  a  week  and  allowed 
to  dry.  The  uncoated  portion  was  badly  rusted,  but  the  covered 
pmion  was  perfectly  protected. 

Plate  No.  10  was  coatM  with  cement  and  an  oil  paint.  Plate  No. 
II  was  coated  with  cement^  and  a  hydrocarbon  paint.  It  was 
sabjected  to  water  and  the  elements  alternately  with  no  unfavor- 
able result. 

Plates  Nos.  12  and  13  were  coated  with  cement  in  the  same 
waj  as  plate  No.  i  and  then  supported  in  a  large  beaker,  the 
bottom  of  which  was  covered  with  fuming  nitric  acid.  Some  of 
tbe  add  touched  the  lower  end  of  the  plates  and  lightly  corroded 
tbem.  The  uncovered  portions  were  badly  corroded,  but  the  acid 
fames  did  not  penetrate  the  cement,  and  the  plates  remained  in  an 
aceU^nt  state  of  preservation. 

Plate  No.  13  was  subjected  for  a  short  time  to  the  influence  of 
fame  liberated  after  addition  of  hydrochloric  acid. 

Plate  No.  14  was  first  coated  with  hydrocarbon  oil  paint.  Sub- 
jected during  three  months  to  nitric  acid  fumes,  it  showed  no  cor- 
rosion under  the  cement. 

Plate  No.  15  was  prepared  in  the  same  way  as  No.  14  and  sub- 
jected to  the  influence  of  sulphuric  acid,  carbonic  acid  and  steam ; 
ondemeath  the  coating  it  was  thoroughly  preserved. 

No.  15  is  a  bar  of  steel  which  was  coated  with  a  wash  of  cement 
of  the  best  commercial  grade.  The  protection  was  fairly  good> 
but  the  coating,  exposed  to  wind  and  rain,  was  washed  off  after  a 
few  months. 

Plate  No.  17  was  covered  first  with  oil  paint  and  afterward  with 
prepared  cement.  Roughly  handled  during  eight  months,  the 
covering  flaked  off  and  the  steel  was  badly  corroded. 

As  a  result  of  the  experiments  made  with  the  mixture  prepared 
>od  applied  after  the  manner  just  described,  we  may  conclude  > 

(i)  If  a  proper  cement  paint  be  applied  to  a  surface  whidi  has 
bcgim  to  oxidize,  further  oxidation  will  be  arrested. 

(2)  If  the  cement  used  be  very  fine  and  free  from  iron,  calcium 
sulphate  and  sulphides  of  low  specific  gravity,  it  will  quickly  set 
on  the  surface  and  eventually  become  thoroughly  fixed  upon 
the  metal  so  that  rain  will  not  wash  it  off. 

(3)  When  thoroughly  applied,  even  to  three  coats,  the  con- 
crete may  be  painted  with  alkali  proof  and  adherent  paint,  afford- 
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ing  absolute  protection  to  iron  so  that  mcMSture,  carbon  dioxide  or 
factory  fumes  will  not  penetrate. 

(4)  Cement  paste  for  application  to  iron  or  steel  must  be  made 
with  pure  water,  and  the  mixture  must  be  stirred  at  least  fifteen 
minutes  to  admit  of  the  liberation  of  the  lime. 

(5)  Free  lime  on  the  surface  of  the  cement  coating  is  quickly 
carbonated,  and  then  has  no  injurious  action  upon  linseed  oil  paint 
which  may,  under  such  conditions,  be  applied  and  become  ex- 
tremely efficacious. 

The  method  of  waterproofing  brick  walls  from  the  outside  as 
a  protection  against  penetrating  rain  or  dampness  is  important 
in  this  connection.  A  newly  set  brick  contains  as  much  as  8 
ounces  of  water,  and  its  power  to  adhere  to  the  mortar  increases 
with  the  quantity  of  water  it  contains.  If  a  linseed  oil  paint  be 
applied  to  a  newly  erected  and  wet  wall,  it  quickly  peels  oflF  and 
ruins  the  wall  for  the  further  application  of  paint.  But  if  a 
proper  cement  mixture  is  applied  to  such  a  wall  in  the  form  of 
paint  or  whitewash,  it  not  only  adheres  perfectly,  but  forms  an 
excellent  base  for  the  application  of  a  good  linseed  oil  paint. 
Painting  the  outside  wall  of  a  building  in  this  way  has  some  in- 
fluence on  the  permanent  protection  of  iron  and  steel  used  in  con- 
struction, since  it  prevents  in  a  large  degree  the  access  of  carbonic 
acid,  moisture  and  gases. 

In  view  of  what  has  just  been  stated,  it  is  reasonable  to  believe 
that  structural  metal  works  which  have  been  coated  with  a  layer 
of  cement  paint  and  further  protected  by  a  layer  of  hydrocarbon 
insulating  paint,  when  embedded  in  masonry,  will  be  perfectly 
immune  to  oxidation  and  will  probably  last  for  all  time. 

A  similar  coating  affords  efficient  protection  to  pipes  and  con- 
duits placed  in  the  ground  and  subjected  to  various  influences 
such  as  of  moist  gases,  electric  currents,  acid  and  alkaline  liquids. 

Pure  Portland  cement  mixed  with  water  cannot  be  used  as  a 
wash  on  metal  because  it  will  not  always  set,  and  it  is  apt  to  crack 
when  it  does,  hence  it  must  be  diluted.  But  care  must  be  exer- 
cised that  the  dilution  be  not  carried  too  far  and  the  strength  of 
the  cement  thereby  impaired.  Voids  can  be  prevented  by  careful 
brushing,  and  for  certain  structural  works  where  brush  work  is 
impracticable,  spraying  will  be  effecive,  but  the  cement  must  then^ 
be  applied  in  several  layers. 

Nbw  York,  Pebmary  6,  1903. 
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Note  on  the  Mononitro-o-Phthalic  Adds, — Since  the  publication 
in  this  Journal  of  the  article  by  Bogert  and  Boroschek*  upon  the 
mononitro-o-plithalic  acids,  certain  facts  have  come  to  light  which 
seem  to  call  for  a  few  additional  notes  from  us. 

In  the  first  place,  we  have  discovered,  among  a  number  of  dis- 
sertations recently  secured  by  Columbia  University,  several  deal- 
ing wholly  or  in  part  with  the  nitrophthalic  acids.  Two  of  these, 
namely,  one  by  Max  Levi,  submitted  to  Freiberg  (i.  B.)  Univer- 
sity in  1 89 1,  the  other  by  Adolph  Koch,  submitted  to  the  Univer- 
sky  of  Geissen  in  1900,  antedated  part  of  the  work  reported  by  us. 
So  far  as  vre  know  these  results  have  not  been  published  in  any  of 
the  chemical  journals  and  do  not  appear  in  "Beilstein."  Of  the 
derivatives  prepared  by  us,  the  following  are  also  described  in 
these  dissertations. 

j-Nitrophthal'i'Amic  Add. — By  the  action  of  hydrochloric 
acid  upon  the  sodium  salt  of  the  imide,  Levi*  obtained  a  crystalline 
axnpound  to  which  he  assigned  the  i-amic  acid  structure.  The 
acid  prepared  by  us  by  the  action  of  baryta  water  upon  the  imide, 
and  for  which  we  suggested  the  2-amic  acid  constitution,  has  re- 
cently been  shown  by  Kahn*  to  be  the  i-amic  acid.  As  Levi  did 
not  analyze  his  product  and  gives  very  few  data  concerning  it, 
it  is  doubtful  whether  he  really  had  the  pure  i-amic  acid  in  hand« 
particularly  as  he  reports  the  substance  to  be  "quite  easily"  soluble 
in  ether,  whereas  the  i-amic  acid  is  really  very  difficultly  soluble 
in  ether. 

S-Nitrophthal'i'Anilic  Add. — Levi  also  reports  an  anilic  acid, 
crystallizing  in  white  needles,  melting-point  232®,  which  does  not 
at  all  correspond  to  the  pale  yellow  needles  obtained  by  us,  which 
melt  at  180**  with  formation  of  the  anil.  We  thought  it  likely 
that  this  acid  had  the  2-anilic  acid  form,  but  Kahn's  work  makes 
it  seem  much  more  likely  that  it  possesses  the  i -anilic  acid 
structure. 

3'Nitrophihalaimde. — The  amide  prepared  by  Levi  melted  at 
219**,  while  our  product  melts  at  200"* -201**  with  formation  of  the 
imide. 

4rNitrophthalamlic  Add. — ^The  anilic  acid  prepared  by  Levi 

«  Tkii  Joornftl.  a^,  740-761  (190O. 
*  J^.  ^  eMem,  Ga.^  3«.  3866  (190a). 
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melted  at  204®  (uncorr.)  ;  our  product  at  181  "*  with  formation  of 
the  anil. 

4'Nitrophthd%mide. — ^This  was  prepared  by  Levi  by  the  action 
of  ammonia  upon  the  anhydride  and  also  b^  the  action  of  ammo- 
nium thiocyanate  upon  the  free  acid.  His  product  is  apparently 
the  same  as  that  obtained  by  us  subsequently.  To  the  imides  of 
both  nitrophthalic  acids,  Levi  assigns  the  unsymmetrical  structure, 
in  the  derivatives  of  the  3-nitro  acid  placing  the  imide  group 
( :NH)  upon  the  carbon  non-adjacent  to  the  nitro  group  (a 
formula,  by  the  way,  recently  supported  by  Kahn,  in  a  private 
communication  to  one  of  us). 

4-NitrophthcdaniL — Prepared  by  Levi  before  either  Graebe  and 
Buenzod*  or  ourselves. 

4'Nitrophthalamide. — ^Also  prepared  by  Levi  before  us. 

4-Azophthalic  Acid. — Koch*  obtained  an  azo  acid  by  the  elec- 
trolytic reduction  of  4-nitrophthalic  acid  in  alkaline  solution,  and 
describes  the  substance  as  an  orange-yellow  to  rose-red  precipitate, 
decomposing  and  partly  subliming  at  200**.  We  reported  two 
different  forms  of  4-azophthalic  acid :  one,  by  reducing  an  alkaline 
solution  of  4-nitrophthalic  acid  with  sodium  amalgam,  was  a 
salmon-colored,  crystalline  substance  not  melting  below  360®,  and 
giving  a  silver  salt  insoluble  in  hot  water;  the  other,  by  oxidizing: 
azophthalide  with  alkaline  permanganate  solution,  separated  as 
a  reddish  yellow,  crystalline  precipitate,  melting  with  decomposi- 
tion at  285® -300°,  and  yielding  a  silver  salt  partly  soluble  in  hot 
water.  The  products  of  all  these  methods  show  about  the  same 
solubilities  in  water,  alcohol  and  ether. 

It  seems  not  amiss  in  this  connection  also  to  call  attention  to 
the  fact  that  3-nitrophthalic  anhydride  was  prepared  by  Leupold* 
from  the  corresponding  acid  and  acetyl  chloride  three  years  before 
Lipschitz*  reported  the  same  method  for  the  production  of  the 
anhydride. 

Kahn  has  recently  criticized  our  method  of  preparing  this  an- 
hydride, stating  that,  in  his  experience,  six  to  eight  hours'  heating^ 
of  the  acid  at  235^-240°  causes  considerable  decomposition.  In 
his  first  article*  he  recommends  a  temperature  below  218**,  while 

1  Ber.  d.  chgm.  GeM.,  39,  1993  (1899). 

•  Lac,  cii, 

•  Inaugunl  DiMerUtion,  Baicl,  1897,  p.  aa. 
«  Monatsh.  Cfum.^  ai,  793  ('9^0). 

•  Btr.  d,  chim,  Ges.^  35,  47a  {1902), 
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in  his  second^  he  states  that  a  temperature  of  230**  is  about  right. 
As  the  temperature  reported  by  us  (23S*'-240*')  merely  repre- 
seited  the  temperature  of  the  heating  medium,  the  reaction  being 
coDducted  in  an  ox>^if  flask  in  the  oil-bath,  it  is  probable  that  the 
actual  temperature  of  the  melt  was  not  far  from  230**.    We  did 
not  determine  the  temperature  of  the  melt  exactly,  since  our  in- 
terest lay  more  in  determining  the  possibility  of  obtaining  the  an- 
hydride by  heating  the  acid  than  in  the  question  of  the  exact 
temperature  at  -which  the  best  yield  was  secured,  in  view  of  the 
fact  that  Lipschitz*  shortly  before  had  reported  that  the  anhydride 
could  not  be  satisfactorily  prepared  in  this  way.    The  fact  that 
the  add  is  liable  to  decompose  when  heated  too  high  was,  of 
course,  observed  by  the  earliest  workers  in  this  field.*  Our  product, 
however,  v^as  not  overheated  and  showed  no  signs  of  deccynposi- 
tion,  the  solidified  melt  being  light  yellow,  crystalline  and  homo- 
geneous.    The  duration  of  the  reaction,  as  reported  by  us  (six 
to  eight  hours)    represented  the  time  consumed  in  raising  the 
temperature    of   the   oil-bath   very   gradually   until   it   reached 
235* -240**,  when  rio  more  water  was  evolved  and  the  flask  was 
Fcmoved  from  the  bath.    As  Kahn  has  shown,  heating  for  half  an 
hour  at  asp*"  is  sufficient  to  complete  the  reaction. 

Concerning  the  discovery  of  3-nitrophthalic  acid,  the  impres- 
sion might  be  gathered  from  certain  reference  works  (Beilstein, 
Rosooe-Schorlemmer,  et  d,,  in  which  the  name  of  Marignac  pre- 
cedes that  of  Laurent,  in  giving  the  earliest  literature  upon  the 
subject,  that  the  work  of  the  former  anticipated  that  of  the  latter. 
As  a  matter  of  fact,  Laurent's  work  antedated  Marignac's  by  at 
least  a  yeair,  as  appears  from  the  following:  Laurent,  in  studying 
Ae  action  of  nitric  acid  upon  naphthalene,  isolated,  among  other 
products,  an  acid  which  he  called  "nitrophthalic,"  and  prepared 
its  anhydride,  acid  ammonium  salt  and  imide.    These  results  were 
sent  to  the  French  Academy  of  Sciences,  on  March  16,  1840.* 
By  a  strange  mischance,  not  only  this  memoir  but  four  others  by 
the  same  author  upon  new  compounds  of  naphthalene  were  mis- 
laid in  the  (rffice  of  the  latter  journal  and  lost.    When  Laurent 
learned  of  this  loss,  he  immediately  requested  De  Quesneville  to 

1  Ar.d,  ehem.  Get,,  35. 3859  (X9M). 

•  I.mifeat:  CompL  rtmd^  »,  1x93;  Marignac:  Ann.  Chem,  (Uebig),  3S,  9:i:«aur«nt: 
Mtm.  meJgmiif.  Jndms.,  6,  95  and  13,  60a ;  de  Aguiar :  Btr,  d.  chtm.  Ga,,  s,  899 ;  Kronberg  : 
JteH^wml  JllTrtnHfTn  G^Mtingen,  ]88t,  p.  3a,  etc. 

«  Jtim.  jciemiif,  Indus,,  3.  363;  6.  76-77. 
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copy  the  duplicates  which  had  been  deposited  with  the  secretary 
of  the  Academy  and  to  publish  the  same  in  the  Reime  scieniifique 
et  Indiistrielle.  This  was  done,  the  article  appearing  four  or  five 
months  later  in  Vol.  6,  pp.  76-99.  Laurent  also  reported  his  work 
upon  nitrophthalic  acid  at  the  meeting  of  the  Academy,  June  21, 
1841.^  Before  the  publication  of  Laurent's  delayed  article  in  the 
Revue  scientiHque  et  Industrielle,  a  paper  appeared  in  Liebig's 
Anna! en  (38,  1-13)  by  Marignac  of  Geneva,  likewise  dealing 
with  the  action  of  nitric  acid  upon  naphthalene  and  announcing 
the  discovery  of  *'nitronaphthalic  acid"  (identical  with  Laurent's 
"nitrophthalic  acid*')  and  the  preparation  of  some  of  its  salts. 
Later  in  the  same  year  (1841),  Laurent^  called  attention  to  the 
fact  that  his  work  had  anticipated  Marignac's  by  at  least  a  year.' 
and  so  far  as  we  are  aware,  this  claim  was  never  disputed  by 
Marignac.  It  seems,  therefore,  that  the  major  portion  of  the 
credit  for  the  discovery  of  nitrophthalic  acid  belongs  to  Laurent, 
not  alone  because  he  was  actually  the  first  to  obtain  the  acid,  but 
also  because  Marignac  (as  he  himself  acknowledges — Loc.  cit) 
was  only  following  in  a  line  of  investigation  already  largdy 
worked  out  by  Laurent.         M.  T.  Bogert  and  L.  Boroschek. 

Oroanic  I^aboratory.  Columbia  Uwtvbrsxty, 
May  14,  1903. 

A  Cheap  and  Efficient  Water-blast. — The  work  performed  in 
the  chemical  laboratory  of  Cornell  College  emphasized  the  neces- 
sity of  a  water-blast,  and  some  of  the  well-known  kinds  were 
purchased.  The  laboratory  is  situated  on  the  third  floor  of  the 
building  where  the  water  pressure  was  found  to  be  scarcely  30 
pounds  to  the  square  inch.  This  was  not  sufficient. to  maintain 
the  blasts  satisfactorily.  It  was  therefore  necessary  to  set  about 
to  devise  a  blast  which  would  be  suitable  where  the  water  pressure 
IS  low  and  which  would  give  good  results  with  a  small  jet  of 
water.  The  apparatus  here  described  has  been  in  use  for  about 
four  months  and  seems  fully  to  meet  the  conditions. 

Experiments  with  various  devices  were  made,  but  the  one  that 
has  given  the  most  satisfactory  results  consists  of  a  small  water- 
wheel  (i),  a  large  pulley- wheel  (2)  connected  by  belt  with  a 
small  one  (3)  for  driving  a  fan  wheel  (4),  all  of  which  are 
enclosed  in  a  rectangular  wooden  box  7x12x24  inches. 

1  Compt.  rend.^  I  J,  1193, 
*  Rev.  scientif.  Indus,^  9,  31. 
»  Ibid.,  5,  363-364. 
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The  water* wheel  is  9.5  inches  in  diameter,  and  1.5  inches  thick 
and  is  made  of  g^vanized  iron.  Its  construction  is  something 
on  the  plan  of  an  undershot  wheel.  There  are  twelve  paddles  on 
Ae  rim,  projecting^  an  inch,  against  which  the  water  strikes  to 
produce  the  motion.    Each  paddle  is  placed  in  line  with  a  radius 


of  the  wheel.  The  larger  pulley-wheel  has  a  diameter  of  10  inches, 
is  r{  a  good  quality  of  white  pine  and  was  soaked  for  three  hours 
in  melted  paraffin  to  prevent  warping.  It  has  a  groove  )^  of  an 
inch  for  the  belt.  These  wheels  are  mounted  on  a  J^  inch  shaft, 
turned  down  at  each  extremity  to  }i  inch  bearing.  The  smaller 
pulley-wheel  is  of  wood  }i  of  an  inch  in  diameter,  with  flanges 
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54  of  an  inch  deep.  The  fan-wheel  consists  of  four  wooden 
paddles  and  is  6  inches  in  diameter.  This  wheel  and  the  smaller 
pulley  are  mounted  on  a  ^  inch  shaft  which  is  likewise  turned 
down  to  }i  inch  journals.  The  boxings  in  which  the  journals  run 
are  simply  pieces  of  iron  J^  of  an  inch  in  thickness,  with  holes 
drilled  to  fit  the  journals,  and  the  iron  pieces  are  fastened  to  the 
inside  of  the  case.  The  water-wheel  is  separated  frcxn  the  rest 
of  the  apparatus  by  an  air-tight  tin  partition  to  confine  the  water, 
which  is  conveyed  to  this  wheel  by  two  tubes  consisting  of  mouth- 
blowpipes  cut  off  at  the  small  extremity  to  attain  an  inside 
diameter  of  Vs2  ^^  an  inch.  These  are  placed  through  the  edge 
of  the  case  in  such  a  way  that  the  water  from  one  strikes  the 
paddles  just  a  little  below  the  axis  at  an  angle  of  45**  to  the 
horizontal  plane  of  this  axis,  and  from  the  other  lower  down  and 
nearly,  parallel  to  this  plane.  The  best  effect  is  attained  when  the 
stream  strikes  the  center  of  the  paddle,  when  the  paddle  is  exactly 
at  a  right  angle  with  the  stream.  Ordinarily  it  has  been  found 
necessary  to  employ  only  one  stream  of  water.  Ample  provision 
must  be  made  for  the  escape  of  the  waste  water. 

The  fan  is  enclosed  in  a  galvanized  iron  compartment,  and  is 
somewhat  like  the  fan  used  by  the  blacksmith.  It  should  have 
an  outlet  air  tube  with  an  inside  diameter  of  J4  inch.  By  attach- 
ing a  Y~tube  to  this,  two  blasts  can  be  used  as  easily  as  one.  A 
thick-walled  rubber  tube,  about  J4  oi  an  inch  in  diameter  has 
been  found  to  be  the  most  efficient  belt.  The  bearings  must  ob- 
viously be  kept  well  lubricated  to  secure  easy  action. 

^"'''^^.'i^'^'iltlyi:^^^"'''''''  F'^NK  L.  HaNN. 

Rapid  Determination  of  Phosphorus  in  Steel, — If  the  yellow 
precipitate,  obtained  from  i  gram  of  drillings,  as  usual,  by  shaking 
in  an  Erlenmeyer  flask,  be  transferred  together  with  the  liquid  to 
a  7-inch  test-tube  and,  after  standing  one-half  hour  (a  highly 
essential  precaution),  be  whirled  inacentrifugalmachine,thesuper- 
natant  liquid  may  be  poured  away  and  the  last  drops  drained  oflF 
without  any  danger  of  any  of  the  precipitate  being  carried  with  it. 
This  is  a  fact  of  considerable  practical  importance  as  it  enables 
us  to  dispense  with  the  filtration  and  prolonged  washing  which  are 
the  most  tedious  and  laborious  part  of  the  Handy  method.  The 
liquid  still  adhering  to  the  precipitate  and  walls  of  the  test-tube 
after  the  first  decantation  and  draining,  amounts  to  an  error  cf 
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about  ai2  per  cent,  of  phosphorus  according  to  Handy's  method. 
But  if  the  test-tube  be  then  nearly  filled  with  water,  stoppered  and 
the  contents  ivell  mixed,  again  whirled,  and  the  liquid  again 
poored  and  drained  off,  the  error  is  reduced  to  less  than  o.ooi 
per  cent.  The  precipitate  is  then  dissolved  in  standard  alkali, 
and  titrated  >vith  standard  acid  as  in  Handy's  method.  The  Gotz 
method,  on  account  of  its  inexactness,  seems  to  find  but  little  use. 
For  the  method  here  described,  i  gram  of  steel  is  dissolved  in  50 
ccof  nitric  acid  (sp.  gr.  1.135),  the  solution  boiled,  a  little  solid 
pennanganate  added,  again  boiled,  decolorized  with  sugar  or 
ferroas  sulphate,  cooled,  10  cc.  of  strong  ammonia  and  50  cc.  of 
molybdate  solution  added,  and  the  mixture  shaken  as  usual  in  an 
Erlenmeyer  flask.  George  Auchy. 
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Elbmexttary  Chemistry.    By  Robert  Hart  Bradbury,  A.M.,  Ph.D., 

Teacher  of  Chemistry,  Central  Manual  Training  School.     Phila.,  etc. 

New  York  :  D.  Appleton  and  Company,     1903.    Price,  $1,2$- 

The  author  offers  this  voKime  for  the  use  of  students  in  colleges 

and  secondary  schools.     It  consists  of  two  parts — a  descriptive 

portion  of  328  pages,  and  a  second  part  of  157  pages,  devoted  to 

the  experimental  work. 

The  book  is  well  written  and  presents  its  facts  clearly  and 
accurately. 

The  arrangement  is  that  which  this  particular  teacher  has  found 
pnxluctive  of  the  best  results  with  the  students  in  his  charge. 
•*The  theoretical  portion  is  interwoven  with  the  descriptive 
matter    ....    No  generalization  is  presented  until  after  a 
particular  case  of  it  has  been  carefully  described    ....     More 
stress  is  laid  upon  the  mechanism  of  chemical  changes     .     .     . 
than  upon  particular  facts     ....     It  is  far  more  important 
that  the  student  should  understand  the  behavior  of  crystal  hy- 
drates in   general     .     .     .    than  that  he  should  memorize  the 
number  of  molecular  weights  of  water  in  the  formulas  of  innum- 
erable salts/' 

The  author  acknowledges  his  great  indebtedness  to  Ostwald's 
publications  and  to  ihe  influence  upon  him  of  the  school  of  which 
this  scholar  is  the  leading  exponent. 
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The  book  is  well  printed  and  illustrated,  containing  portraits 
of  Moissan,  Priestley,  Davy,  Rutherford,  Lavoisier,  Dalton, 
Wohler,  Liebig,  Bunsen  and  Mendelejeff.  It  will  prove  inter- 
esting to  every  teacher  of  the  science  and  particularly  to  those 
who  train  beginners.  Edgar  F.  Smith. 

A  Text-Book  of  Organic  Chemistrv.  By  William  A.  No\^b, 
Professor  of  Chemistry  in  the  Rote  Polytechnic  Institute.  New  York  : 
Henry  Holt  &  Co.     1903.    534  pp.     Price,  I1.5C. 

Among  the  short  text-books  of  organic  chemistry,  this  appears 
as  a  refreshing  innovation.  Of  the  extent  of  but  534  i2mo.  pages» 
it  manages  to  compass  the  relationships  of  carbon  compounds 
remarkably  well.  This  is  done  by  masterly  grouping,  and  by  a 
prudent  distribution  of  stimulating  reading  matter.  The  style 
of  statement  is  clear,  direct  and  somewhat  less  technical  than  the 
prevalent  language  of  organic  chemistry,  but  the  subject  is  often 
carried  beyond  the  range  of  a  beginning  student  of  carbon  com- 
pounds. Some  parts  of  the  book,  seem  best  adapted  to  the  un- 
derstanding of  those  who  have  already  made  things  in  the  organic 
laboratory  or  have  otherwise  found  their  own  way  in  the  labyrinth 
of  carbon  combination.  The  question  of  its  use  in  lectures  not 
preceded  by  the  student's  laboratory  work  is  one  to  be  settled  by 
the  teacher  in  actual  trial. 

Without  doubt  the  book  is  made  the  more  clear  and  simple  to 
any  learner  in  that  he  is  given  the  full  benefit  of  the  latest  con- 
clusions of  research.  Every  part  is  freshly  written  in  the  light  of 
the  present.  As  instances  may  be  mentioned,  the  explanation  of 
alcohol  and  phenol  reactions  as  those  of  hydroxides  on  pages  128, 
143  and  283 ;  the  definition  of  acids  on  page  221 ;  the  possible 
structure  of  crystallized  oxalic  acid  on  page  250 ;  esterification  in 
general  on  pages  279-282 ;  ethers  compared  with  hydroxyl  com- 
pounds as  to  their  boiling-points  on  page  284 ;  isocyanide  structure 
on  page  305;  compounds  of  a  single  carbon  atom  on  page  313; 
the  reactivity  of  halogen  compounds  of  carbon  on  page  390;  the 
"strength"  of  organic  bases  on  page  424. 

In  the  division  of  subject-matter,  the  hydrocarbons,  both  ali- 
phatic and  aromatic,  are  brought  first  into  65  pages,  then  alcohols 
with  phenols  and  their  ethers  are  given  44  pages,  the  aldehydes, 
ketones  and  quinones  48  pages,  the  acids,  aliphatic  and  aromatic, 
52  pages.    Nitrogen  compounds  have  their  more  distinct  introduc- 
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vm  among  the  derivatives  of  the  acids.  The  hydroxy  and 
teonic  acids  in  43  pages  are  followed  by  the  carbohydrates  in  22 
pages.  The  descriptive  chemistry  of  halogen  compounds  is  very 
briefly  given,  still  later. 

The  work  is  eminent  throughout  for  its  comparative  presenta- 
tioD  of  corresponding  reactions  and  structures,  including  those 
sddom  grouped  tc^ether.  It  is  in  this  way  that  the  attempt 
modestly  acknowledged  first  in  the  preface  is  measurably  realized 
"to  present  the  fundamental  facts  of  organic  chemistry  for  the 
Qseof  those  beginning  the  subject."  But  it  is  in  the  consolidation 
of  aliphatic  and  aromatic  chemistry  that,  as  said  in  the  preface, 
"the  most  radical  departure"  of  the  author  is  made,  in  the  adoption 
of  what  appears  to  him  "a  more  fundamental  and  logical  classifi- 
cation/' 

That  the  binary  division  of  carbon  chemistry,  in  use  for  about 
thirty  year?,  is  suffering  numerous  complications  may  be  noted  b> 
^ncing  through  the  outline  of  ring  systems,  as  in  M.  M.  Richter's 
'lexicon,"  or  by  a  survey  of  any  such  class  as  the  terpenes.  Many 
of  us  who  teach  have  for  some  time  been  compelled  to  present 
evidence  of  closed  chain  structure  along  with  that  of  open  chains, 
that  the  student's  mind  may  have  the  benefit  of  contrasts  and  re- 
iatioQships  from  the  first.  And  it  is  always  a  question,  how  many 
parallel  relations  can  be  carried  together  with  advantage  in  a 
given  teaching  method. 

The  question  has  been  less  serious,  when  it  has  been  asked,  shall 
the  pdy-derivatives  be  all  taken  along  with  those  of  monovalence 
tfaroogh  the  round  of  oxygen  and  halogen  and  nitrogen  union,  or 
shall  the  mono-derivatives  be  first  taken  carefully  through  the 
stages  by  themselves?  Now  the  graver  question  is  before  us, 
shall  we  study  together  the  like  derivatives  of  all  the  leading  orders 
of  hydrocarbons,  comparing  them  all  with  each  other  first  as  hy- 
droxyl  compounds,  before  entering  upon  their  ethers,  and  so  on? 
Whatever  the  answer  may  be  in  the  interest  of  logical  arrange- 
ment, to  be  adopted  in  handbooks,  or  in  the  compilation  of  ab- 
stracts, the  teacher  will  find  the  necessity  of  repetition.  In 
organic  chemistry  the  arrangement  of  matter  in  the  text  is  seldom 
found  to  be  just  the  best  consecutive  order  for  presentation  inclass- 
woric,  and  this  the  teacher  must  decide  upon  for  himself. 

As  a  compact  system  of  the  relationships  of  carbon  compounds, 
having  regard  to  those  of  greatest  interest,  within  the  compass  cf  a 
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primary  text,  this  work  appears  to  the  present  writer  to  be  a  very 
valuable  contribution.  The  consolidation  of  the  aliphatic  and 
aromatic  divisions  is  an  experiment  in  the  literature  well  deserving* 
to  be  made,  and  we  owe  thanks  to  the  author. 

The  tabulation  of  derivatives  is  such  as  to  be  suggestive  to  the 
teacher  and  convenient  for  the  learner.  Much  of  it  is  unique,  as 
that  of  aldehydes  and  ketones  at  page  170.  At  the  close  of  each 
chapter  is  a  list  of  the  related  laboratory  exercises.  The  intro- 
ductory chapters  upon  purification,  analysis,  and  molecular  weights, 
and  upon  the  various  physical  determinations  are  excellent. 

A.  B.  Prescott. 

NOTBS  ON  MSTALLURGICAt  ANALYSIS.       BV  NaTHANIEI,  WRIGHT  IX)RD» 

E.M.      Second  edition    rewritten    and   greatly    enlarged.     Metallur- 
gical Laboratory,  Ohio  State  University,  Columbus,  Ohio.     Price,  la.50. 

The  first  edition  of  this  work  was  written  for  the  use  of  the 
students  in  the  Ohio  State  University,  and  the  second  edition  has 
been  enlarged  to  a  manual  covering  the  greater  part  of  the 
methods  in  use  in  steel  works  laboratories.  Besides  the  analysis  of 
iron  and  steel,  it  contains  a  chapter  on  sampling  and  short  descrip- 
tions of  methods  for  the  assay  of  copper  and  zinc  ores. 

The  descriptions  of  the  methods  chosen  are,  as  a  rule,  clear  and 
in  sufficient  detail,  and  references  are  given  in  many  instances  to 
the  original  papers,  which  will  prove  valuable  where  reference 
libraries  are  within  reach. 

There  is  no  index  and  as  the  running  head-lines  consist  of  the 
title  of  the  book,  reference  to  the  subject-matter  is  difficult.  There 
are  comparatively  few  illustrations,  and  the  appearance  of  the  book 
is  poor  and  lacking  in  finish.  Andrew  A.  Blair. 

Quantitative  Chemicai,  Analysis  by  Electrolysis.  By  Prop. 
Alexander  Classen.  Ph.D.,  Privy  Councillor.  Director  of  the  Labora- 
tory of  Electrochemistry  and  Inorieranic  Chemistry  in  the  Royal  Institute 
of  Technology  at  Aachen.  Authorized  translation,  fourth  English  from 
the  fourth  German  edition,  revised  and  enlarged,  by  Bertram  B. 
BoLTwooD,  Ph.D..  formerly  Instructor  in  Physical  and  Analytical 
Chemistry  in  the  Sheffield  Scientific  School  of  Yale  University.  New 
York  :  John  Wiley  and  Sons.  1903.  8vo.  vii  -f  3^5  pp-  102  illustra- 
tions.    Price,  $3.00. 

The  name  of  Professor  Classen  is  so  indissolubly  connected  with 
the  development  of  electrochemical  analysis,  and  the  earlier 
editions  of  this  book  are  so  favorably  known  that  the  present  one 
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is  sore  of  a  w^arm  welcome,  the  more  so  as  it  is  not  merely  a 
tnnslation  but  a  thorough  revision  which  places  at  the  command 
of  English  readers  the  more  important  results  which  appeared  in 
Classen's  Aus^eTvahlte  Methoden  der  Analytischen  Chemie 
(1902),  as  ^well  as  in  recent  publications  by  other  authors. 

The  first  part»  comprising  half  the  Ixx^,  is  devoted  to  the  presen- 
tation of  the  theory  and  to  a  description  of  apparatus  and  labora- 
tory arrangements.  The  treatment  of  the  theory  is  brief  (54  pp.)> 
goes  directly  to  the  point  and  is  as  clear  as  so  condensed  a  state- 
man  can  be  made.  The  necessary  apparatus  is  very  fully  and 
completely  described  with  the  aid  of  a  liberal  number  of  illustra- 
tions. The  description  of  the  electrical  installation  of  the  labora- 
tory at  Aix  contains  many  suggestions  likely  to  prove  of  interest 
and  value  to  those  concerned  in  introducing  new  equipment  for 
similar  laboratories  in  this  country. 

The  second  part  of  the  book  treats  of  the  determination  and 
separation  of  the  metals  and  halogens.  In  connection  with  each 
topic,  references  to  the  literature  are  given,  which,  while  by  no 
means  exhaustive,  are  sufficiently  full  for  practical  purposes.  A 
series  of  examples  are  brought  together  showing  the  mode  of 
applying  electrochemical  methods  to  the  analysis  of  a  considerable 
mzmber  of  alloys,  copper  ores,  cinnabar,  molybdenite,  etc. 

The  labor  of  the.  translator  is  excellently  well  done,  no  trace  of 
the  German  original  appearing  in  the  style.  A  slip,  which  may  be 
a  mere  printer's  error,  occurs  in  the  foot-note  on  page  281,  where 
"the  practical  value  in  these  examples"  is  referred  to,  the  author 
doubtless  intending  to  say  of.  Another  typographical  error,  of 
which  there  are  not  many,  is  to  be  found  on  page  4,  where  the 
name  of  J.  B.  Hannay  is  printed  Hautiay,  A  full  index, 
sqnrated  after  the  German  fashion  into  authors  and  subject,  con- 
cludes the  book,  which  is  one  that  can  not  well  be  dispensed  with 
in  any  analytical  laboratory.  Launcelot  W.  Andrews. 

Phtszcal  Chbmistrt  for  Physicians  and  Biologists.  By  Dr.  Ernst 
COHSN,  FrofeMor  of  General  and  Inorganic  Chemistry  in  the  Uni- 
v«rnty  of  Utrecht.  Authorized  translation  from  the  German  by  Martin 
H.  FISCBBR»  M.D.,  Instructor  on  Physiology  in  the  University  of  Cali- 
fornia.    New  York :  Henry  Holt  &  Co.     1903.    343  pp. 

The  book  consists  essentially  of  seventeen  lectures  delivered  by 
Professor  Cohen  in  Amsterdam  before  a  gathering  of  physicians. 
The  original  German  edition  appeared  in  190 1  from  the  press  of 
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Wilhelm  Engelmann,  Leipzig,  and  has  met  with  universal  favor 
both  at  home  and  abroad. 

According  to  the  author :  ''These  lectures  are  in  no  way  a  text- 
book of  physical  chemistry."  He  says  further:  "I  have  merely 
endeavored  to  show  in  them  the  close  relation  that  exists  between 
this  new  branch  of  chemistry  and  the  biological  sciences,  and  also, 
in  response  to  the  wishes  of  my  hearers,  to  describe  in  some  detail 
the  more  important  methods  of  physical  chemistry." 

The  treatise  does,  however,  come  fully  as  near  satisfying  the 
requirements  of  such  a  text-book  as  do  a  number  of  the  more  pre- 
tentious volumes  at  present  available,  and  ma;r  be  heartily  recom- 
mended to  a  much  wider  class  of  readers  than  is  indicated  in  its 
title.  The  theoretical  treatment  throughout  is  as  rigorous  as  can 
fairly  be  expected  in  a  book  of  its  scope.  The  author  has  made 
free  use  of  the  nomenclature  of  the  calculus  in  the  lectures  on 
reaction  velocity  but  the  verbal  explanations  accompanying  the 
formulas  make  clear  in  concrete  form,  the  g^st  of  the  mathematical 
processes  without  burdening  the  reader  with  the  details  of  their 
derivation,  and  should  serve  to  rob  such  symbols,  when  met  with 
in  the  larger  texts  or  current  literature,  of  much  of  the  mystical 
element  which  they  too  often  possess  in  the  eyes  of  the  chemist  and 
biologist.  Sufficient  of  laboratory  detail  has  been  introduced  to 
give  a  strongly  objective  background  to  the  theoretical  part. 

The  subjects  treated  in  the  individual  lectures  are  respectively : 
I,  Reaction  velocity;  2,  the  inversion  of  cane-sugar  and  catalyses 
in  general ;  3,  the  action  of  ferments ;  4,  the  influence  of  tempera- 
ture upon  reaction  velocity ;  5,  6,  and  7,  equilibrium ;  8,  the  friction 
of  liquids ;  9,  osmotic  pressure ;  10,  the  determination  of  molecular 
weight  of  dissolved  substances;  11  and  12,  the  theory  of  electro- 
lytic dissociation;  13,  14,  and  15,  applications;  16,  electromotive 
force ;   17,  the  theory  of  galvanic  elements. 

The  scope  of  the  applications  may  be  judged  from  the  sub- 
heads of  13  to  15  which  are:  The  field  of  hygiene;  disinfection  in 
the  light  of  the  theory  of  electrolytic  dissociation;  the  field  of 
pharmacology;  the  field  of  physiology;  the  osmotic  pressure 
of  animal  fluids ;  the  osmotic  pressure  between  mother  and  child ; 
osmotic  analysis ;  poisonous  effects.  The  translator  has  done  his 
work  well,  preserving  both  the  form  and  spirit  of  the  original 
without  unpleasantly  warping  the  English. 

It  is  certainly  gratifying  to  see  with  what  readiness  the  medical 
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profession  and  the  g^trneral  biologist  are  adopting  the  methods  and 
results  of  physico-chemical  inquiry.  The  time  seems  to  have 
really  arrived  iTvhen  it  is  as  necessary  to  point  out  the  present 
limitations  and  tentative  character  of  our  methods  and  conclusions 
as  to  orge  their  more  rapid  extension  to  wider  fields.  The  out- ' 
sdcr  who  dips  into  physical  chemistry  for  cut-and-dried  methods 
to  solve  his  ow^n  problems  is  dangerously  apt  to  carry  off  a  mere 
shdl  of  formulas  without  realizing  how  highly  specialized  are  the 
"simplifying^  conditions"  upon  which  they  are  based.  It  is  far  too 
easy  to  overlook  with  what  care  the  particular  illustrations  in  our 
standard  texts  have  been  selected.  The  physico-chemical  prob- 
lems of  biology  and  medicine  are  for  the  most  part  of  a  far  more 
complicated  diaracter  than  any  as  yet  systematically  investigated 
in  pure  chemistry,  and  we  must  not  be  too  easily  satisfied  with 
superficial  analo^es.  It  seems  to  be  a  trait  of  human  nature  to 
pbce  most  confidence  in  the  results  of  those  studies  of  which  we 
know  the  least.  Professor  Cohen's  book  should  certainly  do  much 
toward  correcting  this  tendency  in  the  field  with  which  it  deals. 
There  seems  at  present  a  great  need  for  just  such  border-line 
treatises  as  the  book  before  us  and  particularly  for  those  of  perhaps 
even  a  more  pointedly  conservative  standpoint.  The  impetus  to 
the  new  movement  has  been  well  given ;  what  it  most  needs  now  is 
careful  guidance.  P.  G.  CoTtRthU 

TftArrft  DB   Chzmib  Physique.     Lbs  Principbs.     By  Jean  Psrrin. 
X^uis :  Ubrairie  Gauthier-Villare.    Price,  15  francs. 

M.  Pcrrin's  book  is  not  by  any  means  what  the  chemist  would 
expect  to  find  under  such  a  title.  Its  guiding  idea  is  better 
suggested  by  the  opening  phrase  of  the  preface :  "I  have  gathered 
together  in  this  first  volume  the  principles  whose  study  and  discus- 
sioa  seem  to  me  to  form  a  natural  introduction  to  the  different 
physical  sciences/'  It  is  not  surprising,  then,  to  find  that  the  first 
half  of  the  book  is  really  a  treatise  on  mechanics  and  heat,  made 
np  largely  of  what  we  are  accustomed  to  call  mathematical  physics, 
with  here  and  there  a  paragraph  on  the  chemical  aspects  of  the 
matter  in  hand. 

As  suggested  by  the  quotation  above,  the  author  promises  more 
to  foOow.  But  he  warns  us  against  concluding  that  the  succeeding 
^voitimes  will  be  as  abstract  as  the  present  one.  The  second  is  to 
treat  of  the  application  of  the  phase  rule  to  pure  substances  and  to 
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mixtures ;  also  of  the  relations  between  composition  and  chemical 
properties.  A  further  part  will  include  the  laws  of  "diluted 
matter,"  in  the  form  of  gas,  or  in  solution ;  also  electrochemistry. 
And  a  final  part  will  treat  of  colloidal  solutions  and  the  chemical 
*  action  of  radiations. 

Judging  from  the  present  volume,  the  work  when  completed 
will  be  one  of  great  interest ;  for,  although  in  the  part  before  us 
there  is  a  good  deal  which  for  the  chemist  can  (Mily  be  regarded  as 
good  discipline,  there  are  also,  here  and  there,  many  passages  which' 
are  suggestive  and  stimulating ;  none  the  less  so  for  the  fact  that 
the  author's  reasoning  does  not  always  carry  conviction  with  it. 
Such  is,  for  instance,  that  in  which  an  attempt*  is  made  to  give  a 
more  imaginable  form  to  the  idea  of  changes  of  entropy  (Chapter 
V) ;  and  that  in  which  the  ordinary  idea  of  forms  of  energy  is 
discussed  (Chapter  IV). 

The  contents  of  the  present  volume  will  be  sufficiently  indicated 
by  giving  the  headings  of  the  nine  chapters  which  compose  it: 
I,  The  notion  of  force ;  II,  The  factors  of  action ;  III,  The  prin- 
ciple of  equivalence  and  the  notion  of  energy ;  IV,  Role  of  the 
factors  of  action  in  the  production  of  changes ;  V,  The  principle 
of  evolution;  VI,  Characteristics  of  stable  equilibrium;  VII, 
Pure  substances  and  laws  of  combination ;  VIII,  Chemical  poten- 
tial ;  IX,  The  phase  rule.  It  will  be  seen  that  the  later  chapters 
have  a  much  more  chemical  complexion  than  the  earlier  ones; 
nevertheless  the  treatment  throughout  is  abstract  and  mathe- 
matical, and  will  not  appeal  at  all  to  those  chemists  to  whom  the 
calculus  is  a  stumbling-block.  To  others  this  work  will  hardly 
fail  to  be  interesting.  A.  P.  Saunders. 

Dbtbrmination  op  Radicai^  in  Carbon  Compounds.    By  H.  Mbysr. 

Authorized  translation  by  J.  Bishop  Tinglb.  Second  edition  rewritten. 

New  York :   John  Wiley  and  Sons.     London :  'Chapman  and  Hall. 

zii  4-  162  pp.  i2nio.  Cloth.  Price,  {x.oo. 
The  first  edition  of  this  little  book  was  reviewed  in  this  Journal, 
22,  50,  and  is  already  favorably  known  to  organic  chemists.  The 
present  edition  contains  over  20  per  cent,  of  new  matter,  including 
several  cuts.  The  author  has  cooperated  with  the  translator  in 
the  work  of  revision.  S.  P.  Muluken. 

Lois  GisNteALBs  db  L* Action  dbs  Diastasbs.     Par  Victor  Hbnri. 
Paris :  Published  by  Librairie  Scientifique,  A.  Hermann. 
This  is  a  well-printed  book  of  129  pages  devoted  to  a  discussion 
of  the  general  laws  of  the  action  of  the  diastases. 
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In  the  study  of  the  general  phenomena  of  the  life  of  organisms, 
two  groups  of  theories  have  been  proposed.    The  theories  of  the 
first  group  regard  the  vital  manifestations  as  being  due  to  physical 
and  chemical  actions  only.    The  theories  of  the  other  group  admit 
the  existence  of  forces  or  energies  extra-chemical,  so-called  vital 
forces.     Since  all  experimental  work  with  organisms  of  this  kind 
most  be  based  on  physical  and  chemical  principles  there  is  no 
possibility    of    demonstrating,  by  experiment,  the  value  of  the 
theories  of  the  second  group.     It  is  self-evident  that  any  so-called 
vital  force  is  beyond  the  power  of  experimental  research.    The 
work  of  Mr.  Henri,  of  course,  is  based  upon  the  assumption  that 
the  theories  of  the  first  group  are  the  true  ones,  and  he  undertakes 
the  study  of  the  general  laws  of  diastatic  actions  in  their  chemical  and 
physical  relations.    The  work  is  confined  to  the  discussion  of  three 
diastases  only,  namely,  invertine,  emulsine  and  amylase.    These 
three  diastases  have  the  advantage  of  lending  themselves  to  experi- 
mental study  more  easily  than  the  other  members  of  the  group. 
While  the  work  is  confined  almost  exclusively  to  the  study  of  the 
influence  of  temperature  upon  diastatic  action  it  seems  possible  to 
base  upon  it  a  general  theory  of  diastatic  action  completely  in 
harmony  with  the  laws  of  general  chemistry. 

The  work  consists  of  an  introduction  of  twenty-five  pages,  giv- 
ing the  state  of  our  actual  knowledge  of  catalytic  action.  The 
first  chapter,  eighteen  pages,  is  a  historical  restune  of  the  laws  of 
the  action  of  diastases.  The  second  chapter,  thirty-three  pages,  is 
devoted  to  the  experimental  study  of  invertine.  The  third  chapter, 
thirteen  pages,  is  devoted  to  a  discussion  of  the  theory  of  the 
action  of  invertine.  The  fourth  chapter,  six  pages,  is  devoted  to 
the  study  of  the  action  of  emulsine.  The  fifth  chapter,  ten  pages, 
is  devoted  to  the  study  of  the  action  of  amylase  upon  starch. 

The  chemical  reactions  which  take  place  under  the  influence  of 
these  ferments  are  discussed  mathematically  and  chemically,  and 
this  discussion  will  be  a  great  help  to  those  chemists  who  desire  to 
apply  mathematical  formula  to  chemical  processes.  The  study  of 
catal3rtic  action  shows  that  there  are  various  forms  of  activity, 
namely:  first,  catalysis  produced  by  the  simple  presence  of  the 
ferment ;  second,  autocatalysis ;  third,  formation  of  intermediate 
combinations  which  are  produced  very  rapidly;  fourth,  inter- 
mediate combinations  which  are  produced  slowly ;  fifth,  the  action 
of  the  catalyzing  agent  upon  a  series  of  successive  reactions. 
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In  the  development  of  the  third  class  of  reactions  mentioned 
above,  the  theor>-  of  E.  Fisher  is  cited.  It  shows  that  there  is  a 
constant  relation  existing  between  the  diastase  and  the  chemical 
constitution  of  the  bodies  which  are  transformed  by  it.  Fisher's 
theory  also  holds  that,  for  instance,  in  the  inversion  of  cane-sugar, 
there  is  an  actual  chemical  compound  at  first  formed  between  the 
ferment  and  the  sugar,  and  by  the  subsequent  breaking  up  of  this 
compound  there  are  formed  the  invert  sugar  on  the  one  hand, 
while  the  diastase  is  regenerated  on  the  other.  This  little  work 
will  undoubtedly  be  of  great  interest  and  benefit  to  those  who  are 
pursuing  the  5tudy  of  catalytic  reactions  from  theoretical  and 
mathematical  points  of  view.  H.  W.  Wiley. 

The  Principles  of  Animal  Nutrition,  with  Special  Reference  to 
THE  Nutrition  of  Farm  A.mmals.  By  Henry  Prenti38  Armsbv, 
Ph.D.,  Director  of  the  Pennsylvania  State  College  Agricultural  Experi* 
ment  Station  ^  Expert  in  Animal  Nutrition,  United  States  Department 
of  Agriculture.  New  York  :  John  Wiley  and  Sons.  1903.  Cloth. 
614  pp.    Price,  I4.00. 

The  scope  of  this  very  readable  work  is  much  broader  than  the 
second  part  of  the  title  might  suggest  to  the  casual  reader,  since 
the  various  discussions  in  it  apply  in  most  cases  to  man  as  well  as 
to  the  lower  animals.  From  the  preface  it  appears  that  the  sub- 
stance of  the  book  was  first  presented  to  the  public  as  a  course  of 
lectures  delivered  at  the  Graduate  Summer  School  of  Agriculture 
in  Columbus,  Ohio,  in  1902 ;  in  its  present  expanded  form  it  covers 
the  whole  subject  in  a  more  systematic  manner  than  would  be  pos- 
sible in  a  course  of  lectures  and  is  especially  characterized  by  very 
full  references  to  the  original  literature.* 

The  general  subject  is  presented  under  two  heads  which  lead  to 
a  division  of  the  book  into  two  parts :  i,  The  income  and  expendi- 
ture of  matter;  2,  the  income  and  expenditure  of  energy.  In 
Part  I,  which  is  largely  chemical,  there  are  found  very  clear  de- 
scriptions of  the  early  experiments  of  Liebig,  Pettenkofer,  C.  Voit 
and  other  pioneer  investigators  in  this  field,  and  also  the  recent  and 
more  exact  studies  of  the  modern  workers.  Chapter  V,  92  pages, 
of  this  part  of  the  book  deals  with  the  question  of  the  relations  of 
metabolism  to  the  food  supply  and  it  would  not  be  easy  to  find  a 
more  intelligible  or  concise  presentation  of  a  subject  on  which  the 
literature  has  grown  to  be  enormous.  This  chapter  will  prove  of 
value  to  the  physiologist  or  physiological  chemist  for  general 
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orientation,  and  through  the  foot-notes  and  literature  references 
will  serve  as  a  g^ide  for  fuller  study. 

In  Part  II  ive  find  first  a  short  general  chapter  discussing  the 
rdatioas  of  force  and  energy  in  the  animal  body  and  then  a  chapter 
on  methods  of  investigating  the  liberation  and  transfer  of  eneirgy. 
AitfaoQgh  necessarily  much  condensed,  this  chapter  gives  a  good 
idea  of  the  construction  and  use  of  combustion  and  respiration 
calorimeters  vrith  discussion  of  methods  of  calculation  of  results. 
The  modem  devices  of  Atwater  and  others  are  described  fully 
coough  for  the  needs  of  the  physiologist  or  general  student.     Fol- 
lowing this  chapter  on  methods  there  is  a  short  one  ontheconserva- 
tion  of  energy  in  the  animal  body  and  finally  four  longer  chapters 
OD  these  topics :  "The  Food  as  a  Source  of  Energy — Metabolizable 
Energy";     "Internal   Work";    "Net   Available  Energy-^-Main- 
tenance" ;   "The  Utilization  of  Energy".    These  are  well-written 
and  valuable  chapters,  and  while  the  contents  is  largely  compila- 
tioo  (it  could  not  beotherwisewhenthemagnitudeandnatureofthe 
topic  are  considered)  the  presentation  issuchastoshowtheauthor's 
fnll  acquaintance 'with  the  field  and  conmiand  of  the  subject. 
While  most  of  the  illustrations  in  this  part  of  the  work  are  drawn 
from  experiments  upon  animals,  it  is  clear  that  the  results  reached 
obtain  just  as  certainly  for  man.    The  book  may  therefore  be 
recommended  to  the  attention  of  those  working  outside  the  domain 
of  agricultural  chemistry;   it  must  be  recognized  as  a  valuable 
contribution  to  the  literature  of  physiological  chemistry. 

J.  H.  Long. 

Tbcbhicax,  Mycologv  :  Thb  Utilization  of  Micro-okoanisms  in  thb 
AaTS  AND  Manufacturbs.  By  Dr..Pranz  Lapar.  Trao8lated  from 
the  Gemuui  by  Charles  T.  C.  Salter.  Vol.  II,  Part  I.  Bnmycetic 
Pennentation.  London  :  Charles  Griffin  and  Co.  Philadelphia  :  J.  B. 
Uppincott  and  Co.     1903.    189  pp. 

The  first  volume  of  this  well-known  work  appeared  in  1898  and 
was  concerned  with  a  discussion  of  schizomycetic  fermentation,  or 
the  fermentations  and  similar  changes  produced  by  fusion  fungi 
or  bacteria.  In  the  present  book,  we  have  the  first  part  of  volume 
second  which  treats  of  enmycetic  fermentation,  or  fermentation  by 
the  faigfier  fungi,  using  the  term  fermentation  in  the  older  sense. 
The  hook  is  divided  into  three  sections  (Sections  X,  XI  and  XII  of 
Ae  w1h>Ic  work).  The  first  treats  of  the  general  morphology  and 
bhlcgy  oi  the  enmycetes ;  the  second  of  fermentations  by  species 
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of  the  niticor  family,  while  the  third  deals  with  fermentations  by 
yeast  proper. 

This  last  section  contains  three  interesting  chapters  and  is 
evidently  but  the  introduction  to  a  full  discussion  of  alcoholic  fer- 
mentation in  general,  to  appear  in  a  later  portion  of  the  work. 
The  scope  of  these  chapters  is  suggested  by  their  titles  : 
Morphology  and  Life  History  of  Yeasts;  The  Anatomy  of  the 
Yeast  Cell ;  Chemistry  of  the  Yeast  Cell.  The  completed  second 
volume  will  doubtless  prove  as  useful  to  chemists  interested  in 
fermentation  industries  as  was  the  first.  The  mechanical  work  on 
the  book  is  excellent.  J.  H.  Long. 

The  American  Year-Book  op  Medicine  and  Surgery.  Vol.  I.  Gen- 
eral Medicine.  Philadelphia  :  W.  B.  Saunders  and  Co.  1903.  691 
pp.  Cloth,  I3.00  net.  Half-morocco,  J3.7S  net. 
This  is  a  valuable  annual  publication  which  has  already  been 
noticed  in  this  Journal  in  a  review  of  the  volume  issued  in  1902. 
The  work  has  not  as  wide  a  scope  as  the  Jahresbericht  fiir  Chemie 
and  the  reviews  it  furnishes  are  often  critical  to  some  degree.  But 
it  furnishes  an  excellent  survey  of  all  that  is  really  important  in 
medical  literature  from  the  whole  world  and  in  readable  form. 
The  rapidly  increasing  importance  of  chemistry  and  chemical 
physiolog}'  in  general  medicine  is  shown  especially  in  this  last 
volume,  which  can  be  recommended  to  all  who  are  interested  in  the 
scientific  side  of  medical  progress.  The  work  is  issued  in  two 
volumes  under  the  editorial  control  of  Dr.  George  M.  Gould. 
Volume  I  is  always  devoted  to  medicine  and  Volume  II  to  surgery. 

J.  H.  Long. 

REFLEXIONS  SUR  LA  PUISSANCE  MOTRICE  DU   FEU,  ET  SUR  LES  MACHINES 

PROPRES  A  Dfe\'ELOPPER  CETTE  PUISSANCE.      BV  SaDI  CaRNOT.    (R^im- 

pression  faC'Simil6  conforme  a  I'^dition  originate  de  1824.)    Paris  :  A. 

Hermann.     118  pp.     1903. 

This  reproduction,  evidently  photographic,  of  the  classic  which 

founded  the  science  of  thermodynamics,  is  a  welcome  addition 

to  available  scientific  literature.     The  original  is  rarely  to  be 

found ;  and  no  ordinary  reprint,  however  finely  executed,  can 

quite  fill  its  place.    One  wonders  that  the  photographic  method 

is  not  more  often  used  for  this  purpose,  for  letterpress  which  has 

been  proof-read  by  the  author  has  a  virtue  which  no  recomposi- 

tion  can  attain.^     The  value  of  this  edition  is  enhanced  by  an 

1  Ostwald  testifies  that  the  prcMnt  fac-nimile  is  precise,  having  compared  it  with  hi« 
original  copy.    {Ztschr.  phys.  Chem.,  43,  640.  May.  1903  ) 
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appended  facsimile  of  the  page  of  Carnot's  note-book  in  which  his 
prescience  of  the  mechanical  theory  and  equivalent  of  heat  is 
recorded,  and  also  by  the  letter  of  his  brother  Senator  Camot  to 
Ac  Academy.  These  are  taken  from  the  French  edition  of  1878. 
When  following  once  more,  in  their  original  dress,  the  thoughts 
of  the  Rreat  pioneer,  the  reader  cannot  but  wonder  concerning 
the  marvels  which  he.  might  have  wrought  if  his  life  had  ended 
less  prematurely.  T.  W.  R. 

ImsiA  RxTBBKR  AiO)  GtrTTA  Pbrcha,  translated  from  the  French  of  SbaIig- 

MAmf ,  I^MY  TORRILHON,  AND  PaLCONNBT  BY  JOBN  GBDDBS  McIN- 

TOSB.     LfOndon  :  Scott,  Greenwood,  and  Co.     1903.    New  York  :  D. 
Vmn  Noatraiid  and  Co.    Price,  I7.50  net. 
After  an  interval  of  s<xne  years  in  which  no  comprehensive 
wcrk  on  this  subject  has  appeared,  two  quite  elaborate  works 
have  appeared  almost  simultaneously;  the  one  of  which  the  title 
is  given  above,  and  the  work  of  Dr.  Carl  Otto  Weber  on  "The 
Chemistry  of  India  Rubber,"  published  this  year  by  Chas  Griffin 
9l  Co.,  London,  and  J.  B.  Lippincott  Co.,  Philadelphia.    The  book 
before    us    is   the  more  comprehensive   in   its   scope,   covering 
both  the  subjects  India  rubber  and  gutta  percha  and,  as  the  sub- 
title states,  in  their  historical,  botanical,  arboricultural,  mechani- 
cal, chemical  and  electrical  aspects.    As  the  translator  states  in 
his  preface,  it  has  been  produced  by  the  collaboration  of  a  well- 
known  technical  chemist,  an  equally  well-known  India  rubber 
manufacturer,  and  an  expert  mechanical  engineer  with  special  ex- 
perience of  India  rubber  and  gutta  percha  plant  and  machinery. 
Because  of  this  comprehensive  plan,  the  book  is  a  valuable  one 
for  those  desiring  information  on  the  general  subject  and  its 
different  bearings. 

The  chemistry  of  the  book  is  not,  however,  a  connected  whole 

written  from  the  standpoint  of  our  present  knowledge  of  the 

sabject,   but    is    in  part  quite  old  and  somewhat  disconnected. 

As  an  example  we  may  note  the  account  of  damboniteanddambose, 

the  sugar-like  body  obtained  from  galoon  rubber  by  Girard.    The 

authors  and  the  translator  have  preserved  the  old  notation  CeHeO^ 

for  the  sugar   and  C2H3I  for  methyl  iodide,  and  the  only  in- 

tnnation  the  reader  has  that  these  formulas  are  not  to  be  taken 

as  written  is  a  brief  foot-note  of  the  translator  to  the  effect  that 

"afl  the  forxTiulas  and  equations  given  by  Girard  are  evidently 

M  notation/'       ^^'^  ^^  "^  think  that  there  is  any  excuse  for 
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presenting  the  matter  in  this  shape  by  a  translator  who  wishes 
to  make  the  bode  as  thoroughly*  available  as  possible.  Again,  the 
word  hydrocarbide  used  all  through  for  the  English  word  hydro- 
carbon is  objectionable  and  is  evidently  too  close  a  translatioa 
of  the  French  "hydrocarbuse."  Similar  inelegant  translatioa  is 
seen  in  the  use  of  the  word  "expiry"  instead  of  "expiration"  on 
p.  97. 

Much  of  the  chemical  discussion  is  a  reproduction  of  the  views 
of  the  original  writer  given  in  the  first  person  singular  and  then 
with  a  word  of  comment,  sometimes  expressing  doubt  or  dissent, 
as  in  the  reference  of  Fawsitt's  experiments  on  vulcanization  on 

p.  137. 

The  section  on  the  analysis  of  rubber  and  rubber  substitutes  is 
fairly  complete,  but  is  largely  given  as  a  quotation  from  other 
sources  as  in  the  statement  of  Henrique's  contribution. 

Taken  altogether,  the  chemical  part  of  the  section  on  India 
rubber  is  not  as  satisfactory  in  its  treatment  as  that  found  in 
Weber's  work.  The  illustrations  of  this  section  are  also  distinctly 
inferior  and  many  of  them  so  blurred  as  to  make  details  undis- 
tinguishable. 

The  section  on  gutta  percha  is  quite  complete  in  the  descriptive 
and  botanical  parts,  but  the  chemistry  of  the  subject  is  not  as 
well  presented  as  we  find  in  Obach's  fine  monograph,  which  ap- 
peared a  few  years  ago  in  German. 

The  book  conveys  a  great  deal  of  information  but,  as  shown 
above,  does  not  seem  to  present  the  chemistry  of  this  most  inter- 
esting subject  as  well  as  it  might  have  been  done. 

Sam'l  p.  Sadtler. 
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ON  THE   MOLECULAR    REARRANOEHENT    OF    UNSYH. 
HETRICAL  ACYLAMIDINBS  INTO  ISOFIERIC  SYM- 

nETRlCAL  DERIVATIVES. 
It  hbvrt  I#.  WassLBK,  TmsAT  B.  JOBHWit,  AHD  David  p.  m cPaklahd. 

In  papers  from  this  laboratory,  which  were  published  several 
Jtui  aj^^  it  was  shown  that  thioncarbamic  esters  undergo  a 
nKdecular  rearrangement  into  thiolcarbamic  esters  when  heated 
vidi  aflcyl  halides. 


>"-<«-  >-<' 


The  more  n^jative  the  radicals  attached  to  nitrogen  the  less  read- 
if  the  rearrangement  took  place.  Methyl  iodide  produced  a  rear- 
rangement more  readily  than  other  halides.  In  the  case  of  the 
ttetylthioocarbamic  esters  only  the  methyl  derivatives  were  found 
to  undergo  a  molecular  rearrangement. 

It  was  shown  that  the  aromatic  imido  esters,  in  general,  readily 
v&dcrgo  an  analogous  metastsitic  change,'  while  Dr.  H.  P.  Mer- 

>  Awt^  Okem.J^  M,  140  (1899) ;  ^Wtf-  a4.  «o,  ««9. 4*4  («9»). 
*Mi^  SI,  iflft(iB9»);  /Mtf.,  aj,  135  (1900). 
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riam  has  found  that  the  aliphatic  members  do  not  show  a  similar 
tendency.  These  molecular  rearrangements  were  brought  about 
catalytically  with  only  a  trace  of  alkyl  halide,  and  here  again 
methyl  iodide  acted  the  most  readily.  By  employing  a  halide 
with  a  group  different  from  R,  it  was  shown  that  the  change  in- 
volved an  addition  of  alkyl  to  nitrogen  and  then  a  separation  from 
oxygen.    This  may  be  represented  as  follows : 


-< 


N—  ^^^'~  yNR' 


+IR'    —     — C— I  —     ~^^C^         "^  ^^ 

\     OR  ^ 

The  mechanism  of  the  rearrangement  of  the  thioncarbamic  esters 
was  previously  shown  by  us  to  be  similar. 

Wislicenus  and  Goldschmidt*  found  that  N-substituted  imido- 
esters  undergo  a  molecular  rearrangement  on  simply  heating  alone 
to  a  high  temperature,  the  imidoesters  of  Pinner  being  decomposed 
by  this  treatment. 

\W  have  found  that  when  R  in  the  above  formula  is  an  acyl 
group,  the  rearrangement  takes  place  by  heat  alone  far  more 
readily  than  when  it  is  an  alkyl  group.  In  fact,  some  of  these 
acyl  derivatives  (acyclo)  undergo  isomerization  as  readily  as  the 
parent  substances,  the  pseudoforms  of  the  amides. 

_^N- ^/NH- 

Ndh  ^O 


It  appears  also  that  oxygenimidoanhydrides,  — C< 


vNR 

,  un- 
)COR' 
dergo  a  molecular  rearrangement  more  readily  than  thioimido- 

^NR 
anhydrides,  — C^  ,  and  that  among  these  labile  forms  the 

^SCOR' 
cyclo  derivatives,  in  general,  show  the  greatest  stability.    Before 
we  undertook  the  investigation  of  this  subject,  it  was  known  that 
certain  cycloimidoesters  undergo  a  molecular  rearrangement  on 
heating. 

The  first  observation  of  this  sort  was  made  by  Hofmann  and 
Olshausen,*  who  showed  that  o-cyanuric  methyl  ester  gave  the 

1  Ber.  d.  chtm.  Ges.^  33,  1467(1900). 
«  Am.  Chem.J.^  30,  July  (1903). 
■  Ber.  d.  chem.  Ges.,  3,  272  (1870). 
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N-dcrivative  on  heating.  Ponomaren^  and  Hofmann*  then 
farther  investigated  the  subject.  Haitinger  and  Lieben'  found 
that  mcthoxypyridine  gave  methylpyridon,  and  Knorr*  found  that 
mcthoKylepidine  gave  methyllepidon,  facts  which  led  Michael*  to 
state  that  all  compounds  having  the  grouping  ROCN  would  give 
the  isomeres  OCNR  on  heating. 

In  the  pyrixnidine  series,  such  rearrangements  were  afterwards 
observed  by  E.  v.  Meyer*  and  by  Pinner.^  Andreocci*  apparently 
found  a  similar  case  among  the  pyro-  >9/9'-diazoles.  Knorr  and 
Fcrtig*  further  investigated  the  molecular  rearrangement  of  alkyl- 
oxyquin<dine  derivatives  by  means  of  alkyl  halides  and  showed 
that  the  reaction  involved  an  addition.  Wislicenus  and  Korber^* 
showed  that  the  8-alkyloxycaffeins  also  undergo  a  metastatic 
diange  on  heating.  This  appears  to  be  a  complete  list  of  these 
molecular  rearrangements  in  the  cyclo  series. 

In  the  acyclo  series  Grabriel  and  Neumann^^  found  that  by  the 
action  of  heat  benzimidochlorethyl  ester  is  transformed  into  /8- 
dilorethylbenzamide,  and  the  mechanism  of  this  reaction  was 
shoiwn  to  involve  an  inner  addition  with  the  formation  of  an  inter- 
mediate five-mcmbered  ring,  by  Wislicenus  and  Korber.**  Re- 
cently the  work  on  the  molecular  rearrangements  of  acycloimido- 
esters  has  been  greatly  extended  by  Lander.** 

It  is  probable  that  the  mechanism  of  these  rearrangements  by 
heat  alone  is  similar  to  that  in  the  case  of  the  action  of  alkyl 
halides.  A  small  quantity  of  foreign  material  may  act  catalytically, 
by  addition  and  then  a  separation.*^  Or,  under  the  influence  of 
heat,  this  effect  may  take  place  within  the  molecule  itself,  as  in 
the  case  of  the  molecular  rearrangement  of  N-dialkylaminoesters 
into  betaines.** 

1  B€r.  d.  ehem.  Ga^  18,  3J7«  (1855). 
t  Ibid.,  19,  ao6i  (i89«)- 
I  •  MUmatsh,  Ch^m.,  6.  jn  (18^. 

\  •  Am,  CIUtm.J^  »36.  «H  (i«6). 

»y.  prmiU.  CJk^m.,  37,  510  (1888). 
/  •  /Bid..  39*  «7»  («»9). 

'  r  Die  loaidoAether  v.  Ihre  DeriTatc.  p.  315  (1893). 

f  Ber.  d.  chem.  Ges.,  34.  R.  005  (1891). 
•  ihid,.  «o,  9«*»  9*9 ;  -/***•.  30.  937  (>897). 
»  VW/..  n*  1991  (»9oa)- 
B  Wd^  93*  «3fi3  (»«9a). 

H  md.,  S3»  **♦  (»9M)« 

!•  /  OI^M.  S^c,  (I^ndon),  83.  406  (1903). 
u  oonpAre  T^nd^ :  l^.  eit..  p.  414. 
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CH,— N(CH,),  CH,— N(CH,), 

I                          -*    I  l\ 

OC— O— CH,  OC O  CH, 

Ndr  X)   r  ^ 

The  three-metnbered,  intermediate  ring  in  the  case  of  the  imido- 
esters  not  being  stable,  the  bonds  shift  and  the  stable  amides  are 
formed.  In  fact,  this  ring-formation  is  considered  in  a  recent 
article/  by  Kauffmann,  to  represent  the  structure  of  the  pyridines. 
The  molecular  rearrangement  of  alkyloxypyridine  derivatives 
therefore  halts  at  -what  corresponds  to  the  intermediate  stage  in 
other  cases.  Closely  similar  to  these  rearrangements  are  those 
of  the  imido  acid  anhydrides.  Outwardly  the  mdecular  rear- 
rangements of  unsymmetrical  acylthioureas,  acylpseudothioureas* 
and  their  corresponding  cyclo  derivatives,  the  arylpseudothirfiy- 
dantoins,  appear  to  be  similar: 

<NH  vNHCOR' 

(NR)COR'  ^(NR) 

In  these  cases  the  mechanism,  however,  probably  involves  the 
formation  of  an  unstable,  four-membered  ring  as  an  intermediate 
condensation  product.* 

All  of  the  unsymmetrical  acylthiourea  and  acylpseudothiourea 
derivatives,  which  have  been  investigated,  undergo  the  above 
represented  isomerization  on  melting,  and  some  so  readily  that 
they  cannot  be  crystallized  by  warming  with  alcohol.  Similar  re- 
sults would  be  expected  in  the  true  amidine  series. 

We  first   selected   for   examination   benzenylphenyl   amidine, 
/NH, 
CgHjC^  Two  molecular  proportions  of  this  substance 

were  slowly  treated  In  cold  ether  with  benzoyl  chloride.  On  filter- 
ing from  the  precipitate  of  amidine  hydrochloride  which  formed, 
and  evaporating  the  ether  spontaneously  in  a  vacuum,  a  crystal- 
line benzoyl  derivative  was  obtained.  This  material,  when  care- 
fully prepared,  was  homogeneous,  and  it  had  the  structure  repre- 
sented by  formula  I.    When  allowed  to  stand  for  some  time,  or, 

1  Btr,  d,  dum.  G€*.^  36,  io6a  (1903). 

*  Am,  OUm.  /.,  37*  970  (1909). 

•  /^tkf..  aS,  i34(t9oa). 
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if  an  attempt  was  made  to  crystallize  the  substance  from  a  hot* 
soliitbn,  or  if  heated,  it  immediately  underwent  a  molecular  re- 
arrangement into  the  isomeric  benzoyl  derivative,  which  is  repre- 
sented by  formula  II. 

jr2HK  yNHCOC.H, 

^(NC.H,)COC,H,  ^(NC.H,) 

I.  II. 

The  proof  of  this  rearrangement  was  obtained  as  follows :  When 
the  material  obtained  directly  from  the  ether  solution  was  treated 
widi  dilute  hydrochloric  acid  it  underwent  hydrolysis  and  gave 
practically  the  calculated  quantity  of  benzanilide  and  benzamide. 
No  dibenzamide  was  obtained. 

^NH  /NH,  

C.H.C^  «    C.H,C-OiH 

NCVH..COCH,  \  |yq^H,.COCyH,  : 

When  another  portion  of  the  same  preparation  was  warmed  in 
a  little  alccAol  for  a  few  minutes  on  the  steam-bath,  and  then 
treated  with  hydrochloric  acid,  the  result  obtained  was  precisely 
the  reverse  frcrni  the  above;  almost  the  calculated  quantity  of 
dibenzamide  was  obtained,  while  only  a  trace  of  benzanilide  re- 
salted.    The  hydrolysis  took  place  in  this  case  as  follows : 

<NHCOC.H,  /NHCOC^H. 

^     CH,C— OiH 
NC.H,  \  JnHC,hJ 

The  molecular  rearrangement  of  unsymmetrical  benzoylbcnze- 
nylphenylamidine  therefore  took  place  with  great  ease  and  smooth- 
ness. 

In  our  next  experiment  we  employed  the  same  benzenylphenyl- 
amidine,  but  used  acetyl  chloride  instead  of  benzoyl  chloride.  In 
diis  case  the  product  consisted  of  a  mixture  of  the  two  following 
acetyl  derivatives,  corresponding  to  the  above  labile  and  stable 
benzoyl  compounds. 

^NH  /NHCOCH, 

^^(NCeH.)COCH,  ^(NC.H,) 

III.  IV. 
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The  Structure  of  these  products  was%  determined  by  hydrolysis 
as  before  with  hydrochloric  acid.  The  remarkable  fact  was  then 
discovered  that  the  unsymmetrical  acyl  derivative  III  was  a  per- 
fectly stable  substance.  It  showed  no  tendency  to  rearrange  even 
at  a  temperature  of  i50**-i6o**.  This  flagrant  breach  of  analogy, 
as  Lachman*  states  in  other  cases,  certainly  calls  for  protest  from 
the  systematists. 

We  next  examined  the  behavior  of  the  three  following  isomeric 
amidines  with  benzoyl  chloride:  Phenylacetphenylamidine  (V), 
^-tolenylphenylamidine  ( VI) ,  and  benzenylorthotolylamidine 
(VII). 

yNH,  vNH,  yNH, 

C.H,CH,C/  CH,CeH,c/  C,H.C^ 

^NCeHj  ^NC^H,  ^NC,H,CH, 

V.  VI.  VII. 

Phenylacetphenylamidine  (V)  gave  a  mixture.  This  contained  an 
uns3mimetrical  benzoyl  derivative,  which  showed  no  tendency  to 
undergo  a  molecular  rearrangement.  It  could  be  repeatedly 
crystallized  from  alcohol  and  it  could  be  heated  above  its  melting- 
point  without  alteration. 

Paratolenylphenylamidine  gave  a  mixture  of  the  two  iswneric 
benzoyl  derivatives.  That  the  unsymmetrical  acyl  derivative, 
contained  in  this  mixture,  readily  undergoes  a  molecular  rear- 
rangement was  shown  by  treating  the  product  with  dilute  hydro- 
chloric acid.  Before  heating,  benzanilide  was  obtained ;  when  the 
product  was  simply  warmed  on  the  steam-bath  and  then  treated  in 
the  same  manner  with  hydrochloric  acid,  no  benzanilide  resulted. 

Benzenylorthotolylamidine  gave  the  stable  S3mimetrical  amidine 
directly;  the  formation  of  an  unsymmetrical  derivative 
was  not  observed.  These  results  show  that  the  point 
of  attack  of  acyl  chlorides  on  the  amidines  differs  in 
different  cases  and  that  both  acyl  derivatives  may  be  formed 
together  without  involving  a  metastatic  change.  No  conclusions 
as  to  whether  a  new  unsymmetrical  acyl  amidine  will  or  will  not 
undergo  a  molecular  rearrangement  can  be  drawn  from  these  ex- 
periments and  no  generalization  can  be  made  with  the  data  at 
hand.  The  structure  of  the  acyl  amidines  obtained  gives  no  clue 
to  the  tautomeric  form  of  the  amidines  beyond  the  probability 
that,  in  the  cases  where  molecular  rearrangements  do  take  place, 

»  This  Journal,  23,  907  (1901). 
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the  structure  of  the  amidine  corresponds  to  that  of  the  stable  form 
of  the  acyl  derivative.  The  results  also  emphasize  how  unsafe  it 
b  to  predict  frc»n  analogy.  They  suggest  that  perhaps  similar 
results  may  be  observed  in  other  series,  the  closely  analogous 
imido  add  anhydrides,  for  example. 

In  the  course  of  the  work,  we  found  that,  if  pyridine  was  present, 
on  treating  an  amidine  with  an  acylchloride  that  diacyl  derivatives 
resulted.  We  also  examined  the  behavior  of  a  cycloacylphenyl- 
guamdine  on  heating,  viz.,  2-amino-3-phenyl-4-ketodihydroquin- 
azolinc  (VIII).  From  its  similarity  in  structure  to  benzoylben- 
zenylamidine  and  to  the  labile  phenylpseudothiohydantoin,  which 
readily  undergoes  a  metastatic  change  at  loo^,  a  molecular  rear- 
rangement might  be  expected  to  take  place  in  this  case  as  follows : 

C.hZ  I  ^     C.H  /  I 

^CO— NC.H,  ^CO— NH 

VIII. 

The  material,  however,  proved  to  be  quite  stable  and  it  sublimed 
unaltered  at  a  high  temperature. 

EXPERIMENTAL  PART. 

Unsymmetrical  Benzoylbenzylphenylamidine  was  prepared  by 
slowly  treating  two  molecular  proportions  of  benzenylphenylami- 
dinein ice-cold,  dry  ether  with  benzoyl  chloride.  The  ether  solution 
was  then  filtered  and  the  filtrate  evaporated  in  a  vacuum.  The 
crystalline  mass  thus  produced,  after  washing  with  a  little  cold 
alcohol,  melted  at  about  95*'-97^,  when  carefully  prepared.  In  a 
number  of  preparations  it  melted  somewhat  higher  but  then  it 
was  found  to  contain  more  or  less  of  the  isomeric  symmetrical 
derivative.  A  nitrogen  determination  gave  9.8  per  cent,  nitrogen. 
Calculated  for  CiaHi^ONj,  9.3  per  cent.  When  an  attempt  was 
made  to  purify  the  material  by  crystallizing  from  alcohol,  it  under- 
went a  molecular  rearrangement  into  symmetrical  benzoylben- 
zenylphenylamidine  (melting-point  143**),  which  has  already  been 
described  in  a  paper  from  this  laboratory.* 

Action  of  Hydrochloric  Acid, — The  material  melting  at  95° -97* 
(0.95  gram)  was  treated  with  2  cc.  of  alcohol  and  2  cc.  of  22  per 
cent  hydrochloric  acid.  The  amidine  dissolved  and  then  a  mass 
of  crystals  separated ;  the  whole  was  warmed  to  boiling,  cooled 

>  Am.  Ch€m.J.,  ao,  573  (1898). 
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and  then  treated  with  9  cc.  of  15  per  cent,  sodium  hydroxide  solution. 
The  insoluble  material  was  washed  with  12  cc.  of  water;  it  melted 
at  156^-159^  and  it  weighed  0.60  gram.  This  proved  to  be  benz- 
anilide,  the  calculated  quantity  of  benzanilide  being  0.62  gram. 
Qn  acidifying  the  alkaline  solution  with  acetic  acid  no  precipitate 
was  formed.  This  shows  the  absence  of  dibenzamide  and  of  the 
symmetrical  benzoyl  derivative  in  the  original  material.  On 
shaking  the  solution  with  ether,  benzamide  was  extracted. 

Behavior  on  Heating. — ^Another  portion  of  the  benzoyl  deriva- 
tive melting  at  95^-97**  (0.95  gram)  was  Vanned  on  the  water- 
bath  in  10  cc.  of  alcohol  for  a  half  hour.  The  alcohol  was  then 
evaporated  and  the  varnish  obtained  was  treated  with  2  cc.  of  hy- 
drochloric acid  as  above,  except  that  no  alcohol  was  used.  On 
gently  warming,  the  varnish  solidified  to  a  mass  of  colorless 
needles.  When  washed  with  water  and  dried,  this  weighed  0.62 
gram.  This  all  dissolved  in  5  cc.  of  15  per  cent, 
alkali  diluted  with  5  cc.  of  water,  except  0.03  gram  of 
material,  and  was  precipitated  by  acetic  acid.  It  melted  at  145*- 
147^  and  had  all  the  properties  of  dibenzamide,  the  yield  being 
about  87  per  cent,  of  the  calculated.  These  results  prove  con- 
clusively that  a  rearrangement  of  the  unsymmetrical  benzoyl  de- 
rivative took  place  on  heating. 

Unsymmetrical  Acetylbenjsenylphenylamidine. — ^The  product,  in 
this  case,  on  evaporating  the  ether,  formed  a  varnish  which  finally 
solidified.  It  then  melted  at  about  114''  and  when  mixed  with 
acetanilide  the  melting-point  was  lowered  to  90**-95**.  It  crystal- 
lized from  alcohol  in  the  form  of  colorless  prisms  and  then  melted 
at  128**-! 29® ;  when  this  was  mixed  with  benzamide  the  melting- 
point  was  lowered  to  no®.  A  nitrogen  determination  gave  11. 41 
per  cent,  nitrogen.  Calculated  for  CiaHj^ON,,  11.76  per  cent. 
The  alcoholic  mother-liquors  from  the  above  were  allowed  to 
stand  at  ordinary  temperature,  whereupon  prisms  of  the  symmet- 
rical acetylbenzylphenylamidine  melting  at  138^-139**  were  ob- 
tained.   This  was  described  in  a  previous  article.* 

Action  of  Hydrochloric  Acid. — The  above  acetyl  derivative  melt- 
ing at  1 28*- 1 29**  was  warmed  in  alcohol  with  hydrochloric  acid, 
the  alcohol  was  evaporated,  and  the  residue  on  crystallizing  from 
water  gave  plates  of  acetanilide  melting  at  Ii2**-ii3*'. 

*  Am.  Chem.  /.,  ao,  574  (1898). 
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Behavior  on  Heating. — ^Thc  acetyl  derivative,  which  was  proved 
Id  have  an  unsymmetrical  structure  by  the  above  experiment,  was 
bated  at  various  temperatures  and  finally  for  two  hours  at  150**- 
160^.    A  slight   decomposition  took  place,  but  on  crystallizing 
from  benzene   unaltered  material  was  obtained.    When  mixed 
vith  the  symmetrical  derivative  the  melting-point  was  lowered  to 
io8*-ii5**.     There  was  no  evidence  of  a  rearrangement  having 
taken  place.     Owing  to  the  difficulty  with  which  the  following 
amidines  dissolve  in  ether,  chloroform  was  tried  as  a  solvent  in 
some  of  the  experiments.    The  results  were  not  satisfactory,  as 
decomposition  products  were  formed  which  interfered  witl\  the 
isolation  of  the  acyl  amidines.    The  best  results  were  obtained 
when  the  amidines  were  simply  suspended  in  dry  ether  and  allowed 
to  stand  for  some  time  with  the  required  amount  of  benzoyl  chlo- 
ride. 

Benzoylphenylacctamide,  CcHaCONHCOCHjCeH..— This  was 
'  fonned  along  with  benzanilide  and  other  products  when  phenyl- 
acctphenylamidine  was  treated  with  benzoyl  chloride  in  chloro- 
fonn.  The  hydrochloric  acid  salt  of  the  amidine  did  not  separate 
in  this  case  but  was  removed  in  the  subsequent  treatment  with 
water.  The  product  was  a  semi-solid  mass  which,  when  dissolved 
in  benzene,  gave  benzanilide  and  then  colorless  prisms  which,  after 
several  recr>-stallizations,  melted  at  I29**-I30*'.  A  nitrogen  deter- 
mination agreed  with  the  calculated  for  benzoylphenylacctamide. 
Cakulated  for  Ci^HjjOjN,  5.8  per  cent.  Found,  6.1  per  cent. 
The  material  was  soluble  in  cold  alkali. 

Unsymmetrical  Benzoylphenylacetphenylamidine, — ^Ten  grams 
of  phenylacetphenylamidine  were  suspended  in  100  cc.  of  dry 
ctlier,  and  after  3.3  grams  of  benzoyl  chloride  had  been  added  the 

I  mixture  was  allowed  to  stand  four  hours.  The  solid  material 
then  removed  by  filtration  was  found  to  dissolve  completely  in 
water  and  was  therefore  the  hydrochloric  acid  salt  of  the  amidine. 
After  the  ether  solution  was  evaporated,  a  gum  remained  which 
<iid  not  crystallize  on  standing.  When  dissolved  in  alcohol,  it  gave 
colorless  plates  which,  after  three  recrystallizations  from  alcohol, 
melted  at  iio''-iii°.  The  liquid  was  slightly  cloudy  up  to  118°. 
A  mtrogen  determination  gave  results  agreeing  with  the  calculated 
fcf  a  monobenzoylphenylacetphenylamidine.  Calculated  for 
C„H,gON„  8.9  per  cent.    Found,  8.6  per  cent. 


796      H.  L.  WHEELER,  T.  B.  JOHNSON  AND  D.  P.  MCFARLAND. 

Action  of  Hydrochloric  Acid. — One-half  a  gram  of  the  material 
melting  at  iio**-iii°  was  treated  with  hydrochloric  acid,  as  in  the 
previous  cases,  whereupon  the  leaf-like  crystals  of  benzanilide  were 
obtained,  melting  at  iSj'^-isS®.  When  this  benzoyl  derivative  was 
heated  above  its  melting-point  ( 140** )  and  then  crystallized  from 
alcohol,  the  melting-point  rose  to  I22*'-I23**,  but,  on  treating  this 
material  with  hydrochloric  acid,  little  or  nobenzoylphenylacetamide 
\vas  obtained. 

Dibcnzoylphcnylacctphenylamidinc  was  prepared  by  mixing  in' 
chloroform,  4.4  grams  of  the  amidine,  1.6  gjams  of  pyridine  and 
2.9  grams  of  benzoyl  chloride,  the  latter  diluted  with  ether.  The 
precipitate  which  formed  consisted  of  the  hydrochloride  of  the 
amidine.  The  chloroform  contained  material  which,  on  crystal- 
lizing from  alcohol,  formed  colorless  prisms  and  melted  at  175*. 
A  nitrogen  determination  gave  y.2  per  cent,  nitrogen.  Calculated 
6.7  per  cent.  When  treated  with  hydrochloric  acid,  benzanilide, 
phenylacetamide  and  benzoic  acid  were  obtained. 

Symmetrical  Bcnzoylparatolcnylphenylamidiiie, — Paratolenyl- 
phenylamidine  (6.1  grams)  suspended  in  100  cc.  of  dry  ether  was 
treated  with  2  grams  of  benzoyl  chloride  in  25  cc.  of  ether.  The 
mixture  was  allowed  to  stand  for  three  hours.  On  filtering  and 
evaporating  the  ether,  a  gummy  mass  was  obtained  which,  on 
crystallizing  from  alcohol,  gave  clusters  of  colorless  prisms  melt- 
ing at  126°.  A  nitrogen  determination  showed  that  this  substance 
was  a  monobenzoylparatolenylphenylamidine.  Calculated  for 
CoiHjgONj,  8.91  per  cent.     Found,  8.82  per  cent. 

Action  of  Hydrochloric  Acid. — One  gram  of  the  material  was 
suspended  in  alcohol  and  warmed  with  a  few  drops  of  hydrochloric 
acid.  On  standing,  colorless  needles  separated  which,  on  crystal- 
lizing from  alcohol  melted  sharply  at  Ii2**-ii3**.  A  nitrogen  de- 
termination indicated  that  this  substance  was  paratoliiylbencamide, 
CHjCcH.CONHCOCcH^.  Calculated  for  C.^H^O^N,  5.85  per 
cent.  Found,  6.34  per  cent.  That  this  was  the  diacyl  amide  was 
further  shown  by  the  fact  that  the  material  dissolved  in  alkali  and 
was  decomposed  into  paratoluic  amide  melting  at  151  "-157'*.  The 
unsymmetrical  benzoyl  derivative  in  this  case  was  not 
isolated  in  a  state  of  purity.  That  it  was  present  in  the  gummy 
mass  described  above  was  shown  by  the  fact  that  benzanilide  was 
obtained  when  the  product  was  treated  with  dilute  hydrochloric 
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wd.  A  portion  of  the  crude  reaction  product  was  warmed  on 
die  steam-bath  and  then  treated  with  hydrochloric  acid,  whereupon 
no  benzanilide  was  obtained. 

dibemoylbenzenylorthotolylcmtidine, — ^Ten  grams  of  benzenyl- 
onhotolylamidine  were  suspended  in  lOO  cc.  of  dry  ether  and 
treated  with  3.3  grams  of  benzoyl  chloride  in  20  cc.  of  ether.  The 
oixture  was  then  allowed  to  stand  over  ni^ht.  The  amidine 
hydrochloride  which  separated  was  mixed  with  some  material 
wUdi  did  not  dissolve  when  the  mixture  was  treated  with  water. 
Voaa  this  material  was  crystallized  from  alcohol,  colorless,  beauti* 
H  diamond-shaped  plates  were  obtained,  melting  sharply  at 
167°.  A  nitrogen  determination  showed  that  this  material  was 
adibenzoyl  derivative:  Calculated  for  CjjHmOjN,,  6.7  per  cent. 
Foand,  7.0  per  cent.  When  this  substance  was  treated  with  dilute 
bjdrochloric  acid  in  alcohol,  crystals  of  benzorthotoluide  separated 
oekingat  142**. 

Symmetrical  Benzoylbenzenylorthotolylamidine, — On  evapo- 
nting  the  ether  solution  from  the  above  dibenzoyl  derivative,  a 
varnish  was  obtained.  From  this,  on  crystallizing  from  alcohol, 
colorless  prisms  were  obtained  melting  at  iii**-ii3**.  A  nitrogen 
(ittemiination  gave  8.9  per  cent.  Calculated  for  CjiHigONj,  8.9 
percent 

Action  of  Hydrochloric  Acid. — A  gram  of  the  substance  was 
treated  with  dilute  hydrochloric  acid  (2  cc.)  and  2  cc.  of  alcohol. 
From  this  solution  long,  colorless  needles  of  dibenzamide  separated, 
melting  at  148**.  When  these  needles  were  mixed  with  dibenz- 
«nide  the  melting-point  was  not  lowered. 
!    Orthophetiylguattidifiebenzoic  Acid, 

/NH.C(NH)— NHC,H, 
C,H/  . — In  the  course  of  some  experi- 

\:0OH 

*ats  with  pseudothioureas  we  heated  orthoaminobenzoic  acid 
>ith  phenylpseudomethylthiourea  and  obtained  a  product  which 
trystallized  from  alcohol  in  colorless  prisms,  melting  at  248®. 
Ite  material  was  not  dissolved  at  first  by  sodium  hydroxide  or 
l?drochloric  acid,  but  on  standing  in  these  solvents  it  underwent 
>  change,  being  converted  into  a  substance,  crystallizing  in  hair- 
fc  needles  from  alcohol,  melting  at  256**.  This  latter  material 
^  readily  soluble  in  alkali,  and  a  nitrogen  determination  gave 
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results  agreeing  with  the  calculated  for  2-anilino-4-ketodihydro- 

CN  =  C.NHCeH, 
I  Found,    17.67  per  cent. 

O— NH 

Calculated  for  CjiHi^bN,,  17.72  per  cent. 

At  this  point  we  were  unable  to  decide  whether  the  above 
product  first  obtained,  melting  at  248^,  underwent  a  direct  conden- 
sation into  the  above  quinazoline  derivative  soluble  in  alkali,  or 
whether  it  first  condensed  to  give  the  isomeric  2-amino-3-phenyl- 
4-ketodihydroquinazoline,  which  would  be  insoluble  in  alkali,  this 
then  undergoing  a  molecular  rearrangement  into  the  above 
quinazoline,  melting  at  256**.  To  decide  this  question  we  prepared 
2-amino-3-phenyl-4-ketodihydroquinazoline  from  ^-CMor-j 
phenyl'4'ketodihydroquinasoline, — This  chloride  was  prepared 
from  2-thio-3-phenyl-4-ketotetrahydroquinazoline  by  following 
the  directions  of  McCoy.* 

McCoy  obtained  this  chloride,  but  did  not  purify  the  substance. 
We  found  that  the  oil  first  obtained  solidified  and  could  be  crystal- 
lized from  alcohol.  It  then  formed  colorless  prisms  and  melted 
at  132^.  It  was  analyzed  with  the  following  results:  Calculated 
for  Cii4HgON2Cl,  10.9  per  cent,  nitrogen.  Found,  10.7  and  ii.i 
percent, 

2'AfninO'S'phenyl'4-ketodihydroquina:soline, 

<N  =  C— NH, 
I 
:0— NC,H, 

The  above  chloride  was  heated  in  a  closed  tube  at  120**- 130**  with 
an  excess  of  alcoholic  ammonia.  The  product  crystallized  from 
alcohol  in  colorless  prisms  and  melted  at  237^-238^.  It  was  in- 
soluble in  sodium  hydroxide,  as  was  expected,  and  a  nitrogen  de- 
termination gave:  17.50  per  cent,  nitrogen.  Calculated  for 
C14H11ON3,  17.72  per  cent.  When  this  material  was  boiled  with 
dilute  hydrochloric  acid,  complete  solution  finally  took  place  and, 
on  cooling,  3-phenyl-24-diketotetrahydroquinazoline*  separated. 
When  the  above  cycloacylguanidine  was  heated  above  its  melting- 
point  (in  a  bath  at  250**),  it  simply  sublimed  unaltered  without 
undergoing  any  molecular  rearrangement. 

>  Ber,  d.  ehem.  Ges,^  30,  1691  (1897). 

s  BtiMh  :  J.  prakt.  CMem.,  51,  365  (1895);    Paul :  Btr.  d.  ckem,  Ges^  S7.  97S  (1894). 

Nbw  Havbk,  Conn.,  Mmy  a6, 1903. 
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MERCUROUS  SULPHIDE. 

By  Cbas.  Baskbkvxllb. 

Received  May  «s*  st>>3- 

In  the  paper  "On  the  Reactions  between  Mercury  and  Concen- 
trated Sulphuric  Acid,"*  by  F.  W.  Miller  and  the  writer,  two 
statements  were  made,  which,  while  true  for  the  conditions  given, 
require  modification  in  the  light  of  knowledge  recently  gained. 
*TTie  reaction  is  by  no  means  like  that  of  copper"*  (p.  874)  and 
''No  sulphide  was  produced,  nor  any  free  sulphur"  (p.  876).  By 
great  variations  of  one  of  the  factors,  time,  sulphide  was  obtained. 
The  experiment  was  continued  through  a  period  of  five  years  and 
one  week.  Ten  grams  of  pure  mercury'  were  covered  with  50 
grams  of  chemically  pure  sulphuric  acid  (99.65  per  cent.)  in  a 
weD-gioimd,  glass-stoppered  bottle  of  about  100  cc.  capacity  and 
allowed  to  remain  at  the  temperature  of  the.  laboratory  (never 
over  30**  C.)  for  the  period  mentioned.  While  tfie  bottle  was  never 
subjected  to  the  direct  rays  of  the  sun,  no  attempt  was  made  to 
shield  it  from  the  hgfat. 

When  the  bottlie  was  opened,  there  was  a  strong  outward  pres- 
sure, and  noticeable  quantities  of  sulphur  dioxide  escaped.  This 
corroborates  the  statements  put  forward  in  our  second  paper*  in 
controversion  of  the  criticism  of  Pitman.*  Morley*  and  Berthelot^ 
have  also  shown,  independently,  that  mercury  and  sulphuric  acid 
of  maximum  concentration  react  at  ordinary  temperatures  with 
the  evolution  of  sulphur  dioxide. 

The  point  of  especial  interest  in  the  experiment  lay  in  the 
simultaneous  formation  of  a  sulphide  of  mercury,  which  showed 
Aat  the  mercury  resembles  copper  in  this  reaction  more  than  was 
thought.  Upon  the  bright  metal  there  separated  flakes,  which 
resembled  plates,  of  mercurous  sulphide.  The  acid  was  decanted, 
a  large  volume  of  water  added  and  quickly  decanted.    This  was 

>  This  JottiTwl,  If,  Nov.,  1897. 

*mdL,  IT.  Kofv.,  189s,  and  i8,  Nov.,  1896. 

*Loe.cit. 

«  This  Joomsl,  ao,  515. 

*  iHd^  90«  too. 

•Asco/. 

'  Ckem.  Niemt,  76,  sas ;  CompL  remd.,  ia$,  to. 
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done  several  times.  The  bottle  was  inclined  and  revolved  so  that 
most  of  the  sulphide  was  caused  to  cling  to  the  sides  of  the  vessel, 
the  metallic  mercury  poured  out  and  the  sulphide  thrown  upon  a 
filter  and  washed  with  alcohol  (95  per  cent.)  until  the  wash-water 
was  no  longer  acid.  The  brownish  black  plates  (about  0.2  gram) 
were  dried  at  no®  C.  and  analyzed  by  Mr.  R.  O.  E.  Davis  of  this 
laboratory. 


Amount 
Uken. 

Sulphur  found. 
Percent. 

Mercury  found. 
Percent. 

Calculated  for 
Hg,8. 

0.0866 

8.23 

•  •  •  • 

7.41 

0.0707 

... 

91.94 

92.59 

Total  ...  100.17  100.00 

The  quantity  remaining  was  too  small  to  examine  for  the  pres- 
ence of  free  sulphur,  although  from  the  analysis  it  appears  that 
0.82  per  cent,  of  free  sulphur  was  present.  As  no  quantitative 
determination  of  the  sulphur  dioxide,  mercury  sulphates  produced, 
and  so  forth,  were  made,  it  is  impossible  to  indicate  the  course  of 
the  reaction  by  an  equation. 

Authoritative  works  (Richter,  Dammer,  etc.)  state  that  mer- 
curous  sulphide  is  not  definitely  known.  Berzelius^  said  the  black 
precipitate  produced  by  hydrogen  sulphide  with  mercurous  salts 
was  mercurous  sulphide,  but  Barfoed'  has  sl^own  that  it  is  a 
mixture  of  mercuric  sulphide  and  mercury.  Antony  and  Sestini* 
state  that  hydrogen  monosulphide  acting  upon  mercurous  salts 
below  o®  C.  give  mercurous  sulphide,  which  above  that  tempera- 
ture decomposes  into  mercuric  sulphide  and  mercury. 

Mercurous  sulphide  heated  in  a  closed  tube  turns  white  (doubt- 
less due  to  oxidation),  becomes  slightly  yellow,  then  melts  to  a 
dark  orange-brown  liquid,  which  changes  to  a  white  solid  on 
cooling,  as  does  mercurous  sulphate. 

1  Archiv.  d.  Apotkekervereins  im  nbtdl.  Deutschlamd,  vom  Brando,  i8»  293. 
«y.  ^aAt.  Chem.,  93,  ajo. 
•  Gaxt.  chim.  liai,^  34,  I,  193. 
Univbi^ity  op  Kortr  Carolina, 
May  8,  1903. 


THE  ACTION  OF  METALLIC  nAQNESIUM  UPON  AQUEOUS 

SOLUTIONS. 

Bv  Chablottb  F.  Roberts  and  Louisb  Brown. 

R«ctlv«d  May  •7.  t«*3. 

The  paper  read  by  Mr.  Kahlenberg  on  the  above  subject,  at 
the  Washin^on  meeting  of  the  American  Chemical  Society,  inter- 
ested us  so  much  that  we  undertook  a  few  simple  experiments  in 
the  same  line  for  ourselves.  Since  his  paper  has  appeared  in 
print*  we  find  that  in  a  few  particulars  our  results  differ  from  his 
and  that  our  experiments  have  been  carried  on  along  somewhat 
different  lines,  and  it  has  therefore  seemed  possible  that  our  re- 
sults also  might  be  of  interest  to  others. 

In  all  of  our  experiments  the  modus  operandi  was  the  same. 
A'  100  cc.  gas-measuring  tube  was  filled  with  the  solution  to  be 
employed.  In  the  mouth  of  this  tube  a  one-holed  rubber  stopper 
was  inserted,  and  a  piece  of  magnesium  ribbon  was  held  in  place 
in  the  solution  by  fastening  it  to  the  stopper  with  a  bit  of  cheese- 
doth  and  some  thread.  The  whole  was  then  set  up,  in  most  cases 
in  a  tall  jacket  containing  more  of  the  same  solution,  for  con- 
venience in  measuring,  frequently,  the  volume  of  the  gas  under 
atmospheric  pressure.  The  magnesium  used  was  the  magnesium 
ribbon  manufactured  by  Schuchardt,  and  in  our  experiments  the 
solution  was  always  in  excess.  We  used  in  most  of  our  experi- 
ments an  amount  of  magnesium  equivalent  to  about  50  cc.  of  gas, 
or  a  piece  about  8  cm.  in  length. 

The  most  important  particular  in  which  our  results  differed 
from  those  of  Mr.  Kahlenberg  was  in  the  action  of  magnesium  on 
distilled  water.  We  found  that  if  we  used  ammonia-free  water, 
freshly  boiled  to  drive  out  dissolved  gases,  no  gas  collected  in 
the  tube.  The  experiment  was  tried  first  with  a  short  strip  of 
magnesium  ribbon  and  left  standing  for  a  week.  It  was  then  re- 
peated with  a  strip  of  magnesium  ribbon  50  cm.  in  length  and 
left  standing  for  four  weeks.  The  magnesium  appeared  slightly 
tarnished,  but  no  trace  of  gas  was  visible  at  the  end  of  that  time. 
WTien  unboiled  distilled  water  was  used,  in  the  same  length  of 
time,  with  much  smaller  amounts  of  magnesium,  varying  amounts 

1  This  Joamal,  %b,  380. 
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of  gas,  from  2  to  3  cc,  were  collected.  These  results  are  appar* 
ently  in  opposition  to  those  obtained  by  Bryant,  who  states  that 
boiled  and  unboiled  water  have  the  same  effect  on  magnesium.^ 

The  experiment  was  tried  of  taking  some  of  the  pure  boiled 
distilled  water  and  passing  a  current  of  oxygen  through  it  before 
setting  up  the  apparatus.  In  this  case  gas  hegBxi  to  collect  after 
standing  twenty- four  hours,  and  in  the  course  of  two  weeks,  2.7  cc 
of  gas  had  collected  from  a  strip  of  magnesium  about  8  cm.  in 
length.  When  a  similar  experiment  was  tried,  using  carbon 
dioxide  instead  of  oxygen,  the  escape  of  gas  was,  as  might  have 
been  expected,  very  rapid,  the  rate  being  greatest  at  first  and  de- 
creasing with  the  time,  as  with  other  adds. 

The  principal  facts  indicated  by  our  experiments  seem  to  be: 

( 1 )  That  magnesium  is  without  action  on  distilled  water,  boiled 
to  free  it  from  gases  and  carefully  cooled  out  of  contact  with  air. 

(2)  That  magnesium  acts  on  undistilled  water  and  on  unboiled 
distilled  water,  setting  free  varying  amounts  of  gas ;  also  on  water 
boiled  and  afterward  charged  with  oxygen  or  carbon  dioxide. 

(3)  That  the  hydrogen  equivalent  of  magnesium  can  be  ob- 
tained from  aqueous  solutions  of  varying  strengths  of  the  chlorides 
of  sodium,  potassium,  magnesium,  barium,  calcium  and  strontium ; 
also  very  slowly  from  the  sulphate  of  magnesium  (probably  also 
of  sodium  and  potassium) ;  also  from  such  dilute  solutions  of 
hydrochloric  and  sulphuric  adds  as  contain  in  themselves  but  a 
small  proportion  of  the  hydrc^;en  liberated. 

(4)  That  with  the  same  surface  of  magnesium  the  action  of 
the  chlorides  is  much  more  rapid  than  that  of  the  corresponding 
sulphates.  With  chlorides  of  the  same  metal,  the  rate  is  de- 
pendent upon  the  concentration,  though  no  strict  proportionality 
can  be  traced.  The  maximum  rate  is  more  quickly  attained  in  the 
stronger  solution  than  in  the  weaker  and  is  greater  in  amount,  but 
the  length  of  time  for  completing  the  reaction  does  not  differ  very 
much  in  the  two  cases. 

(5)  With  equimolecular  solutions  of  chlorides  of  sodium,  po- 
tassium, magnesium,  calcium,  strontium  and  barium,  the  order  of 
rapidity  of  action  upon  magnesium  ribbon  in  our  experiments  was 
as  follows:  Magnesium,  barium,  strontium,  calcium,  sodium  and 
potassium. 

1  Cktm.  AVmw  .  Not.  3,  1899. 
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In  such  escperiments  as  these  it  is,  of  course,  impossible  to  de- 

tenninc  exactly  the  end-point  of  the  reaction  or  to  measure  with 

any  accnracy  the  rate  of  the  reaction  as  it  approaches  completion. 

Occasioiial  tappinj^  of  the  tube  is  necessary  to  liberate  the  last 

portions  of   gas,  and  there  is  always  the  possibility  that  some 

magnesitun  may  be  covered  by  the  precipitate  and  left  unacted 

npoiL    We  observed,  however,  what  was  mentioned  by  Mr.  Kah- 

knberg,  rnjs.,  that  the  coating  of  precipitate  over  the  magnesium 

£d  not  retard  the  action  as  much  as  might  have  been  expected. 

Even  when  the  magnesium  ribbon  appeared  to  be  entirely  crusted 

orer,  the  reaction  went  on  until  approximately  the  hydrogen 

cqiuvalent  of  the  magnesium  had  been  collected.    It  is  true  that 

the  results  as  shown  in  the  following  tables  run  a  little  low,  but 

ooDsidering  the  possible  sources  of  error,  they  seem  near  enough 

to  JTistify  the  statement  that  the  hydrogen  equivalent  may  be  set 

free  in  all  cases. 

TABtB  I. 

(Solutions  contained  Vi«  gram-mol.  per  liter. ) 

Weijght  of  mAgnMium  Weight  of  magnesium 

calcalated  from  gma.  taken. 

MgO, 0.0538  0.0539 

KCl 0.0535  0.0539 

NaCl 0.0525  0.0539 

BaCl, 0.05345  0.0540 

CaCl, 0.05276  0.0534 

SrCl, 0.0526  0.0534 

MgS04 0.0530  ^  0.0539 

Although  but  one  result  is  given,  confirmatory  experiments  were 
made  in  almost  every  case* 

The  time  required  for  the  completion  of  the  reaction,  with  the 
amoants  above  given,  was  from  twenty-four  to  forty-eight  hours 
in  the  case  of  the  chlorides,  but  in  the  case  of  the  sulphates  was 
much  greater.  The  sulphates  of  sodium,  potassium  and  magnesium 
were  all  tried,  and  the  one  which  acted  most  rapidly  was  mag- 
nesium. With  this  it  took  nearly  four  weeks  to  get  the  result 
above  given.  With  the  sulphates  of  sodium  and  potassium  the 
action  was  so  slow  that  the  experiment  was  discontinued  before 
the  reaction  was  completed. 

That  very  dilute  solutions  of  the  chloride  of  magnesium  are 
adbqtiate  to  set  free  the  hydrogen  equivalent  of  the  magnesium 
is  indicated   by  our  experiments  with  very  dilute  hydrochloric 
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acid.  The  acid  used  was  of  such  strength  that  from  loo  cc.  only 
8.1  cc.  of  hydrogen  could  be  set  free.  The  tube  was  inverted  in 
a  small  dish  containing  more  of  the  same  liquid,  and  this  might 
increase  the  possible  yield  of  hydrogen  by  a  small  amount.  The 
apparatus  was  left  standing  for  a  week,  although  the  operation 
was  probably  completed  a  little  before  that  time.  At  the  end  of 
a  week,  the  volume  of  hydrogen  was  52.5  cc.  at  a  temperature  of 
19**  C.  and  pressure  of  765  mm.  This  corresponds  to  0.0540  gram 
of  magnesium,  and  the  weight  of  magnesium  taken  was  0.0539 
gram.  A  study  of  the  rate  of  this  reaction  per  twenty-four  hours 
is  interesting. 

Table  II. 

Volume  of  ns  Volume  increment 

collected.  per  hour. 

1st  24  hours 5.2  0.22 

2nd  24  hours 7.8  o.i 

3rd  24  hours 17.6  0.4 

4th  24  hours 29.8  0.5 

8  hours  later 35. 1  0.66 

6th  24  hours 48.0  0.32 

7th  24  hours 52.5  0.19 

The  relation  between  the  time  and  the  amount  of  gas  collected 
is  therefore  represented  by  the  following  curve : 
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Fig.  I. 

It  will  be  noticed  that  the  rate  of  the  reaction  at  first  decreases 
with  the  time,  as  is  usual  with  the  action  of  an  acid  on  a  metal ; 
then,  when  an  amount  of  gas  has  been  collected  nearly  equal 
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to  the  amount  calculated  as  contained  in  the  hydrochloric  add 
used,  the  rate  increases  until  it  reaches  a  maximum  and  then  de- 
creases in  about  the  same  way  as  has  been  observed  when  the 
metal  was  put  directly  into  a  solution  of  magnesium  chloride.  In 
diis  case,  ivhen  the  rate  began. to  increase,  the  amount  of  mag- 
nesium which  had  gone  into  solution  as  magnesitun  chloride  can 
not  have  been  greater  than  lo  milligrams. 

As  has  just  been  indicated,  we  observed  that  the  curve  showing 
the  relation  betwreen  the  time  and  the  volume  increment  in  a  given 
time  was  distinctly  different  in  the  case  of  the  action  of  acid  in 
excess  upon  magnesium,  and  the  action  of  aqueous  solutions  of 
chlorides.    This  is  shown  in  the  following  table : 

Tablb  III. 

HCl.  ICgCU.  1/6  molecalc  per  liter 

(Weifftat  magnesium  (Weight  magnesiam 

taken  s  0.0536. )  taken  ^i  0.0539. ) 

Volume  of  Rate  per         Volume  of       Rate  per 

gaa.  hour.  gat.  hour. 

1  hoar 11.6  11.6  0.9  0.9 

2  hours i8.a  6.6  3.9  3.0 

3  "  21-8  3-6  8.7  4.8 

4  "  '^.i  a.3  13.3  4.6 

5  ••  26.1  2.0  17.6  4.3* 

6  **  27.7  1.6  21.3  3.7 

7  "  ••  24.8  3.5 

8  *•  ..  28.3  3.5 

9  "       :•  ••  31.6  3.3 

10  ••       ••  34.2  2.6 

11  ••      ••  36.4  2.2 

These  data  and  corresponding  ones  in  regard  to  certain  other 
soluticHis  are  represented  in  the  following  curves,  which  show 
how  the  volume  increment  per  hour  changes  as  time  advances. 
It  will  be  observed  that  the  acid-rate  curve  is  a  rapidly  descending 
ooCy  according  to  the  law  of  mass  action,  whereas  in  the  case  of 
the  chlorides,  the  curve  ascends  in  each  case  until  it  reaches  a 
maximum  and  then  descends  slowly. 

The  maximum  rate  depends  upon  the  particular  chloride  em- 
ployed and  upon  the  strength  of  the  solution.  With  different 
ooncentrations  of  the  same  salt,  the  maximum  rate  is  higher  in  the 
case  of  a  strong  solution  than  with  a  weak  one  and  is,  in  general, 
more  quickly  attained.  The  curves  also  show  that  after  the  maxi- 
mum rate  has  been  reached,  there  is  a  tendency  for  the  rates  to 
^>proach  one  another,  so  that  after  four  or  five  hours,  the  volume 


8o6 


CHARLOTTE  F.  ROBERTS  AND  LOUISE  BROWN. 


r 

L 

r 

\ 

\ 

^ 

\ 

\ 

lA 

x 

^ 

^^ 

n 

ZZi 

^v 

^^ 

77>>- 

'^ 

/ 

L 

A 

T^ 

^ 

agf, 

Ka 

/ 

^ 

^ 

A 

r     Zi 

n  ^ 

\n4 

kn.^ 

^J 

k;-? 

in. 

Fig.  2. 

increments  per  hour  do  not  vary  much  with  the  different  con- 
centrations. 

Although  Mouraour  and  others  have  stated  that  the  action  of 
magnesium  on  solutions  of  the  alkaline  earth  metals  is  feeble,  it 
was  not  our  experience  that  the  rate  of  the  reaction  with  these 
substances  fell  so  very  far  behind  that  on  solutions  of  the  same 
strength  of  magnesium  chloride.  In  order  to  cdmpare  the  rates 
of  action  of  the  chlorides  of  the  alkali  and  alkaline  earth  metals, 
solutions  containing  Vio  gram-mol.  per  liter  were  set  up  as  nearly 
as  possible  at  the  same  time ;  pieces  of  magnesium  ribbon  33  cm. 
long  were  used  and  observations  taken  every  half  hour.  A  solu- 
tion of  magnesium  chloride  containing  Vio  gram-mol.  per  liter 
was  also  «sed.  The  results  of  these  experiments  are  expressed  in 
the  following  table : 

Table  IV. 
Volume  of  gas  collected. 
KCl.         N«C1.        OiClf        SrCl«. 

1  hour 0.7  1.7  2.2         2.3 

2  hours 3.5  5.6  6.6         7.0 

3  "     90        "8        13.2        14.3 

4  **     16.6        19.5        22.7        24.1 


BaCV 

MgCl,. 

•/loMfC 

3.0 

3.3 

3.2 

9.9 

II.6 

13.8 

21.2 

24.6 

29.8 

34.4 

37.5 

42^ 
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KCl. 
S  hours 25.0 


33.8 
41.6 


NaCl. 
27.4 
35.3 
42.6 

494 


CftCl*. 

33.x 

41.0 

48.8 

56.0 


Srdt. 
33.8 
430 
51.6 
59.8 


BftClf. 
45.5 
55.3 
64.3 
72.5 


MgCl,.  '/loMgCl,. 
48.7         S4.0 

59.3  64.8 
69.6         74,6 

78.4  83.4 


Volume  iocrement  per  hour. 
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The  curves  representing  the  relation  between  the  time  and  the 
volume  of  gas  collected  show  at  a  glance  the  similarity  in  action 
of  the  sodium  and  potassium  chlorides,  and  also  of  the  chlorides 
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of  calcium  and  strontium,  but  that  the  action  of  the  barium  salt 
is  more  nearly  like  that  of  the  magnesium  chloride  than  like  that 
of  the  other  alkaline  earth  chlorides.  It  will  be  noticed  that  the 
chloride  of  magnesium  attains  its  maximum  rate  in  the  third 
hour,  the  salts  of  the  alkaline  earth  metals  in  the  fourth  hour,  and 
of  sodium  and  potassium  in  the  fifth  and  sixth  hours ;  also  that  the 
sodium  begins  more  rapidly  than  the  potassium,  but  that  the 
potassium  gradually  gains  upon  the  sodium.  In  all  cases,  the  rate 
of  the  reaction  at  first  increases  and  then  decreases,  as  is  shown  in 
the  accompanying  graphic  representation  of  the  relation  between  the 
time  and  the  volume  increments  per  hour.  The  potassium  and 
strontium  curves  are  omitted  because  they  correspond  sonearly  with 
the  sodium  and  calcium,  and  the  cur\^e  of  the  weaker  magnesium 
chloride  solution  is  only  given  in  part,  because,  after  passing  the 
maximum,  it  coincides  in  various  parts  with  the  barium  chloride 
and  the  stronger  magnesium  chloride.  It  is  noteworthy  that  the 
curves,  which  reach  the  highest  maxima,  descend  the  most  rapidly, 
and  therefore  there  is  a  tendency  to  approach  a  uniform  rate.  It 
should  perhaps  be  mentioned  that  the  hydrogen  equivalent  of  the 
magnesium  used  would  be  about  200  cc,  so  that  these  observations 
were  made  only  during  the  first  part  of  the  reaction. 
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The  persistency  of  type  of  the  rate  curve  in  all  these  salts,  con- 
sisting as  it  does  of  an  ascending  and  then  a  descending  portion, 
seems  to  us  of  sufficient  importance  to  be  taken  into  account  in 
any  explanation  of  the  phenomenon. 

CHZMICAL  I^BOXATORT  of  WBLLBStXT  COXXBOX, 

Vblxbsi^y,  Mass. 


[OffiTUBUnONS  FROM  THE  CHEMICAL  LABORATORY  OP  THE  UNIVERSITY 

OP  Cincinnati,  No.  59.] 
A  METHOD  FOR  THE  DETECTION  OF  CHLORIDES. 
BROniDES  AND  IODIDES.' 

Bt  Stamlbt  Bbhsdxct  and  J.  P.  Sztbll. 
IUe«lv«4  Jtm*  5. 190s. 

The  problem  of  the  detection  of  chlorides,  bromides  and  iodides 
i»  presence  of  each  other  is  one  to  which  a  great  deal  of  attention 
las  been  devoted,  and  the  present  proposal  of  a  new  method  is 
jnstified  only  by  the  conviction  of  the  authors  that  in  simplicity  of 
I  oecution,  in  reliability  and  in  delicacy  this  method  is  superior  to 
my  hitherto  proposed. 

Like  many  of  the  methods  proposed  in  the  past,  the  one  here 

pnsented  is  based  upon  the  varying  ease  of  oxidation  of  the  halo- 

(cn  adds.    It  arose  from  a  reasonably  successful  attempt  to  use 

I  ^ihte  nitric  acid  as  the  oxidizing  agent.    Concentrated  nitric  acid, 

I  *ided  dropwisc,  was  employed  for  this  purpose  by  Kebler,'  who 

I  «ates  that  during  a  five  years'  trial  by  students  it  gave  very  satis- 

;  fctOT}'  results.    We  have  found  that  if  nitric  acid  of  suitable 

fflntion  is  used,  it  is  indeed  possible  to  boil  a  mixture  of  the 

Uogen  salts  with  it  long  enough  to  liberate  and  expel  all  the 

I  iodine  and  bromine  without  any  noticeable  loss  of  chlorine.    We 

I  wajcitc  here  two  out  of  about  twenty-five  experiments.    The  acid 

I  *»  of  five  times  molar  strength  and  the  quantity  used  was  about 

j  blf  the  volume  of  the  solution  to  be  tested : 

!     I  a  detected  in  a  mixture  of  49.9  cc.  N  KBr  and  o.i  cc.  N  NaCl. 

2.  a  detected  in  a  mixture  of  10  cc.  N/ioo  KI,  9.8  cc.  N/ioo  KBr,  and  0.3 
«'N;iooNaCl. 

The  substitution  of  dilute  for  concentrated  nitric  acid  obviates 
^  defect  in  Kebler's  method,  z*is,,  that  the  concentration  of  the 

'  lead  before  the  Ciadnnati  Section  of  the  American  Chemical  Society,  May  13*  X903. 
V  AmU  A/pi.  Chem.,  6,  369  (189a). 
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acid  in  the  test  solution  was  not  well  enough  controlled,  but  there 
are  at  least  two  objections  that  apply  to  the  method,  even  when 
the  dilute  reagent  is  used,  znc,  that  the  separation  between  iodide 
and  bromide  is  by  no  means  sharp  and  that  in  some  instances 
iodic  acid  is  formed  in  sufficient  quantity  to  give  a  precipitate  with 
silver  nitrate  resembling  silver  chloride.  In  the  courseof  the  experi- 
ments referred  to  above  we  observed  in  several  instances  that  a 
solution  of  pure  potassium  iodide,  after  boiling  with  dilute  nitric 
acid  until  colorless,  would  give  with  silver  nitrate  a  white  precipi- 
tate, soluble  in  ammonium  hydroxide  (therefore  not  iodide)  and 
that  this  precipitate  was  not  obtained  from  another  portion  of  the 
decolorized  solution  after  neutralizing  with  ammonia,  acidifying 
with  oxalic  acid,  evaporating  to  dr\'ness  and  redissolving  in  nitric 
acid  (therefore  iodate).  Another  fact  noticed  in  the  course  of 
these  experiments  was  that  a  solution  containing  both  potassium 
bromide  and  potassium  iodide  was  decolorized  somewhat  more 
quickly  than  a  solution  of  bromide  alone.  This  also  pointed  to  the 
conclusion  that  some  iodic  acid  was  formed  by  the  action  of  the 
nitric  acid  on  the  liberated  iodine,  for  the  hydrobromic  acid  would 
be  oxidized  more  readily  by  iodic  than  by  nitric  acid. 

It  was  the  above-mentioned  observation  that  led  to  the  use  of 
the  reagent  proposed  in  our  present  method,  vis,,  iodic  acid  in  the 
form  of  potassium  iodate.  This  oxidizing  agent  will  not  react  with 
any  of  the  halide  ions  in  neutral  solution,  but  will  liberate  iodine 
from  potassium  iodide  in  acetic  acid  solution,  while  the  bromine  of 
potassium  bromide  is  not  at  all  liberated,  except  upon  addition  of  a 
stronger  acid.  As  the  stronger  acid  for  liberating  the  bromine 
we  employ  nitric  acid  (dilute)  for  the  two  reasons  that  in  the 
presence  of  this  acid  it  is  easy  to  eliminate  any  excess  of  potassium 
i6date  and  that,  on  the  other  hand,  should  the  quantity  of  potas- 
sium iodate  added  be  insufficient  to  react  with  all  the  bromide, 
the  nitric  acid  is  itself  capable  of  effecting  a  complete  separation. 
The  first  reason  is  the  main  one.  as.  in  general,  the  quantity  of 
potassium  iodate  added  will  be  sufficient  to  react  with  all  the  bro- 
mide. 

According  to  Fresenius,^  the  use  of  iodic  acid  or  of  potassium 
iodate  and  hydrochloric  acid  as  a  reagent  for  iodides  was  pro- 
posed by  Liebig.     Fresenius  objects  that  the  reagent  **must  be 

1  "Qualitative  Analysis."  Wells*  translation  (1S97).  p.  3S0. 
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nsed  with  the  greatest  caution"  because  "an  excess  of  iodic  add 
will  at  once  put  an  end  to  the  reaction."  It  is  obvious  that  this 
objection  applies  only  to  the  use  of  the  iodate  with  hydrochloric 
icid,  the  liberated  iodine  combining  with  the  chlorine  to  form 
iodine  chloride.  In  the  absence  of  hydrochloric  acid  no  such  diffi- 
cnhy  exists.  Another  objection  made  by  Fresenius  is  that  reduc- 
ing agents  will  liberate  iodine  from  the  reagent,  thus  causing  con- 
fasion.  In  reply  to  this  objection  we  would  point  out  that  the 
aalpgeD  acids  can  be  easily  separated  from  all  the  other  common 
adds,  with  the  exception  of  sulphocyanic,  by  precipitating  in  pres- 
ence of  nitric  acid  with  silver  nitrate  and  reducing  the  precipitate 
with  zinc  and  sulphuric  acid.*  The  silver  sulphocyanate  could 
oaly  be  destroyed  by  igniting  the  precipitate  before  reducing  it, 
bat  this  is  unnecessary.  In  the  presence  of  sulphocyanate,  the 
test  for  iodide  may  be  made  (after  neutralizing)  by  adding  first 
sodium  acetate  and  then  acetic  acid  and  potassium  iodate.  It  is 
a  familiar  fact  that  the  acidity  of  acetic  acid  is  diminished  by  the 
addition  of  sodium  acetate,  the  increase  in  the  concentration  of 
tfce  acetate  ion  causing  a  depression  ofxthe  dissociation  of  the  acid. 
In  such  a  solution,  i.e.,  in  one  containing  an  extremely  low  con- 
centration of  hydrogen  ions,  the  reaction  between  the  sulphocyanate 
and  iodate  is  entirely  prevented,  while  that  between  the  iodide  and 
iodate  still  takes  place. 

Bodi  of  the  reagents  that  Fresenius  mentions,  vis.,  free  iodic 
add  and  potassium  iodate  with  hydrochloric  acid,  have,  of  course, 
Ae  further  disadvantage  that  they  cannot  be  used  in  presence  of 
kanides,  since  they  liberate  bromine  as  well  as  iodine.  But  po- 
tassium iodate  with  acetic  acid  is  free  from  this  objection,  as  well 
as  from  those  raised  by  Fresenius  and  has  the  obvious  advanta^s 
over  the  commonly  employed  reagent,  chlorine  water,  that  the 
VB&tity  of  iodine  liberated  is  one-fifth  greater  and  that  there  is 
absdutely  no  danger  of  decolorization  of  the  liberated  iodine  by 
OKWs  of  the  reagent.  For  the  detection  of  bromides,  potassium 
Wate  with  nitric  acid  has  similar  advantages  over  chlorine  water, 
Ae  danger  of  decolorization  by  excess  being  absent  and  six  halo- 
pn  atoms  being  liberated  instead  of  five,  but  here  we  have  the 
^Uitional'advantage  that  the  sixth  halogen  atom  is  iodine  instead 
of  bromine  and  that  consequently  the  color  imparted  to  the  solu- 
tioo,  whether  in  water,  carbon  disulphide  or  chloroform,  is  more 
Jatense. 

>  9mt  BtOcy  and  Cady*s  "  QnalitAtive  Analysis."  (2901},  p.  209. 
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The  superior  delicacy  of  the  iodate  reagent  indicated  by  the 
above  considerations  is  amply  borne  out  by  the  results  of  actual 
tests.    Thus,  using  5  cc.  pf  solution  and  shaking  with  about  i  cc. 
of  freshly  decolorized  carbon  disulphide,  we  were  able  to  detect 
iodine  by  use  of  potassium  iodate  and  acetic  acid  in  an  N/6o,ooo 
solution  of  potassium  iodide  without  failure  and  in  one  trial  out  of 
two  in  an  N/90,000  solution,  while  chlorine  water  gave  a  very  faint 
test  upon  the  third  trial  with  an  N/40,octo  and  failed  entirely  with 
an  N/so,ooo  solution.    Testing  in  the  same  manner  for  bromides, 
using  potassium  iodate  and  dilute  nitric  acid,  we  obtained  colora- 
tion of  the  disulphide  from  an  N/i6,ooo  solution  of  potassium 
bromide  on  warming  slightly,  while  chlorine  water  gave  the  test 
in  an  N/2,500  solution  (which  is  about  the  delicacy  claimed  by 
Fresenius,    viz,,     1     part    of    bromine    to    30,000    of    solu- 
tion),*   while    it    failed    entirely    with    an    N/4,000    solution. 
It     would     appear     from     these     results     that     the     iodate 
is    nearly    twice    as    delicate    a    reagent    as    chlorine    water 
for  iodides  and  four  or  five  times  as  delicate  a  reagent  for 
bromides,  and  with  freshly  decolorized  carbon  disulphide  is  capa- 
ble of  detecting  iodine  in  5  cc.  of  a  solution  containing  i  part  of 
iodine  in  500,000  of  solution  and  bromine  in  5  cc.  of  a  solution 
containing  i  part  of  bromine  in  200,000  of  solution.    It  may  be 
remarked  in  this  connection  that  while  the  color  test  for  iodine 
or  bromine  is  decidedly  more  delicate  with  carbon  disulphide 
than  with  chloroform,  the  latter  reagent  is  sufficiently  delicate 
for  .ordinary  purposes  and  is,  perhaps,  preferable  as  a  laboratory 
reagent  because  it  does  not  become  colored  on  standing. 

METHOD. 

The  separation  of  the  three  halogens  can  be  conveniently  ac- 
complished in  a  rather  wide  (say  2  cm.)  test-tube  in  which  a 
liquid  can  be  boiled  without  loss  from  bumping.  The  whole 
analysis  does  not  take  more  than  ten  minutes.  The  reagents  used 
are  neutral  potassium  iodate  of  one-tenth,  potassitmi  iodide  of 
one-fifth,  and  nitric  acid  of  five  times  molar  concentration.  (Spe- 
cific gravity  of  the  nitric  acid  =  1.18.)  The  procedure  is  the 
following : 

(a)  To  the  neutral  solution  add  potassium  iodate  and  acidify 
with  acetic  acid.  Coloration  shows  the  presence  of  iodide,  which 
may  be  confirmed  by  shaking  a  portion  with  chloroform  or  carbon 
disulphide. 

1  Lcc.  cit.,  t>.  559. 
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(b)  If  iodide  is  found,  add  a  little  more  potassium  iodate  tp 
Ae  main  portion  of  the  solution  and  boil.  Repeat  this  procedure 
mitil  further  addition  of  iodate  fails  to  produce  coloration,  but 
avoid  more  than  a  slight  excess  of  iodate.  Havinig^  expelled 
the  liberated  iodine  by  boiling,  add  to  the  solution  nearly  one-half 
its  volume  of  dilute  nitric  acid.  Coloration  shows  bromide,  which 
may  be  confirmed  by  shaking  a  portion  with  chloroform  or  carbon 
disnlphide. 

(c)  Boil  the  main  portion  of  the  solution  until  colorless,  add 
I  or  2  cc  of  potassium  iodide  and  boil  again  until  colorless.  The 
potassium  iodide  reduces  the  excess  of  iodate  and  the  excess  of 
iodide  added  is  destroyed  by  the  nitric  acid.  Boil  again  until  per- 
fectly colorless,  then  add  an  equal  volume  of  concentrated  nitric 
add  and  a  few  drops  of  silver  nitrate.  A  white  precipitate,  insoluble 
on  warming,  shows  chloride.  The  concentrated  nitric  acid  is  added 
to  prevent  the  precipitation  of  silver  iodate  in  case  there  should 
still  be  some  iodic  acid  left  in  the  solution  after  the  treatment  with 
potassium  iodide. 

If  sulphocyanate  is  present,  the  test  for  iodide  must  be  made 
in  a  small  portion  of  the  solution  after  addition  of  sodium  acetate. 
(We  add  an  equal  volume  of  the  normal  solution  of  the  acetate.) 
The  main  portion  of  the  solution  is  treated  as  above,  the  sulpho- 
cyanic  and  hydriodic  acids  being  both  completely  oxidized  in  the 
presence  of  the  acetic  acid. 

If  salts  of  other  acids  are  present,  acidify  the  solution  with 
dilute  nitric  acid  and  precipitate  with  silver  nitrate.  Digest  the 
washed  precipitate  with  zinc  and  dilute  sulphuric  acid.  The 
halogen  adds  and  sulphocyanic  acid  are  thus  brought  into  solution. 
Neutralize  the  solution,  filter  off  the  precipitate  of  zinc  hydroxide 
or  carbonate  and  proceed  as  directed  above. 

We  have  made  some  comparisons  of  the  delicacy  of  this  method 
for  the  detection  of  chlorides  in  presence  of  bromides  and  iodides 
with  that  of  the  commonly  employed  chromyl  chloride  distillation 
method.  The  limit  of  the  latter  method  was  found  to  be  the  de- 
tection of  chloride  in  a  mixture  of  5  cc.  N/ioo  sodium  chloride 
with  10  cc.  N/ioo  potassium  bromide.  With  such  a  solution,  a 
very  faint  yellow  ring  could  be  recognized  at  the  top  of  the  liquid 
(ammonium  hydroxide  solution)  in  the  receiver.  With  less  than 
5  cc  of  the  sodium  chloride  solution,  we  failed  to  obtain  any  test 
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by  this  method,  whereas,  using  our  method,  we  were  able  to  de- 
tect chlorine  in  mixtures  of  0.5  cc.  N/ioo  sodium  chloride  with  20 
cc.  of  N/5  potassium  bromide  and  iodide.  In  fact,  the  results  of 
all  our  qualitative  experiments  indicate  that  absolutely  no  loss  of 
chlorine  is  suffered  in  liberating  and  expelling  the  iodine  and 
bromine. 

To  test  the  adequacy  of  the  above  directions  we  have  had  first- and 
second-year  students  of  the  University  of  Cincinnati  analyze  some 
forty  mixtures  of  chlorides,  bromides,  iodides  and  sulphocyanates. 
The  solutions  were  of  fifth-normal  to  normal  strength.  In  the 
reports  there  was  but  a  single  error,  one  student  reporting  chlorine 
when  none  was  present.  Some  twenty-five  mixtures  of  more 
dilute  solutions,  some  containing  as  low  as  0.5  cc.  of  the  N/ioo 
solution  of  one  or  other  of  the  halide  salts,  many  containing^ 
sulphocyanate  and  some  containing  salts  of  other  acids,  including^ 
reducing  agents,  such  as  sulphites,  ferrocyanides,  oxalates,  etc., 
were  analyzed  by  more  experienced  persons  without  error. 

Bugarszky^  has  employed  potassium  biiodate  and  dilute  sul- 
phuric acid  for  the  quantitative  separation  of  bromine  and  chlo- 
rine but  has  not  attempted  to  separate  iodine  from  the  other  halo- 
gen elements.  We  hope  soon  to  be  able  to  communicate  a  method 
for  the  estimation  of  all  three  elements. 


THE  TBSTINQ  OP  COAL  TAR  AND  OILS  AND  AN  IH- 
PROVED  TESTING  STILL. 

Bt  H.  W.  Jatnb. 

Received  June  4. 1903. 

In  the  examination  of  coal  tars  and  oils,  and  in  determining  the 
per  cent,  of  water  they  contain,  it  is  necessary  to  distil  a  consider- 
able quantity  of  material,  from  500  to  looo  cc.  at  least.  In  trea- 
tises on  this  subject,  it  is  usual  to  recommend  the  use  of  glass  re- 
torts of  several  liters  capacity.  As  the  temperature  in  making^  a 
complete  test  often  rises  to  400°  C,  and  as  water  is  usually  pres- 
ent, the  risk  of  breakage  is  very  great ;  and  when  the  distillation  is 
finished,  it  is  impossible  to  remove  the  pitch  or  residue  completely. 

In  our  laboratory,  where  hundreds  of  these  tests  are  made  every 

1  Ztsckr.  anorg.  Ckem^  io,  587  (1895). 
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jear,  we  found  it  necessary  to  substitute  a  metal  still,  and,  in  the 
ccMirse  of  time,  improvements  have  been  suggested  by  the  different 
dnmists  making  these  tests,  until  a  form  of  still  and  condenser 
has  been  adopted,  which  will  be  found  convenient  for  those  en- 
gaged in  this  line  of  work. 

The  still  is  of  heavy  copper  with  straight  sides  so  that  it  can  be 
easily  and  thoroughly  cleaned.    The  upper  edge  is  surrounded 


with  a  heavy  turned  ring.  The  lid  is  of  brass,  and  is  clamped  to 
liie  still  by  a  single  clamp  passing  over  the  top,  a  paper  g^ket 
being  placed  between  the  two  metal  surfaces.  The  condenser  con- 
sists of  a  copper  trough  open  at  the  top,  through  which  passes  a 
g^ass  tube  24  inches  long.  This  form  of  condenser  is  particularly 
advantageous  for  tar  distillations.  It  is  filled  with  water  at  the 
of  the  test,  and  this  is  sufl^cient  to  condense  all  the 
portions.  When  the  fractions  containing  naphthalene  be- 
gin to  distil,  they  are  liable  to  choke  the  tube  by  the  crystallizing 
oi  this  body*     To  prevent  this,  a  burner  is  placed  under  the  trough 
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and  the  water  warmed  to  any  degree  required.  When  still  higher 
temperatures  are  reached,  where  water  cannot  be  used  owing  to 
danger  of  cracking  the  tube,  it  can  readily  be  drawn  off  by  the 
small  cock. 

In  cases  where  it  is  necessary  to  distil  very  volatile  liquids,  pieces 
of  ice  or  a  freezing-mixture  may  be  placed  in  the  trough. 

For  oil-testing,  the  long  Liebig  condenser  is  not  advantageous : 
it  is  difficult  to  clean ;  and  on  account  of  its  length,  considerable 
material  adheres  to  the  sides.  As  all  tests  of  oils,  naphthas  and 
benzenes  are  run  slowly,  so  that  the  distillate  flows  from  the  con- 
denser in  single  drops,  a  long  tube  and  flowing  water  is  unneces- 
sary. 

One  filling  of  water  will  suffice  for  many  tests  of  benzenes  or 
oils.  If,  however,  flowing  water  is  needed,  the  condenser  is  fitted 
with  connections  for  tubing. 

For  water  determinations,  a  small  still  is  used  of  a  capacity  of 
looo  cc.  sufficient  for  distilling  500  cc  of  tar.  For  complete  tests 
of  tars,  especially  if  the  light  oils  are  to  be  examined,  1000  cc. 
should  be  used,  and  the  still  has  a  total  capacity  of  2000  cc. 

For  water  determinations,  great  care  must  be  taken  in  collecting 
the  sample.  If  the  shipment  is  made  in  bulk,  a  small  cock  should 
be  placed  in  the  pipe  line  from  the  car  or  boat  to  the  tanks,  and  a 
small  stream  allowed  to  flow  during  the  entire  pumping.  The 
quantity  so  collected  should  be  violently  stirred,  and  at  once  filled 
into  wide-mouthed  quart  bottles  or  cans  before  any  separation  can 
take  place.  500  cc.  of  this  sample  are  filled  into  the  still,  the  lid 
securely  clamped,  and  the  tube  and  thermometer  put  in  place.  If 
heat  is  applied  to  the  bottom  of  the  still,  great  care  must  be  used, 
as  the  contents  will  readily  foam  and  boil  over,  if  much  water  is 
present;  this  is  especially  true  of  tars  containing  much  free 
carbon  along  with  water,  and  also  of  certain  oil  tars  in  which  the 
water  forms  an  emulsion. 

To  avoid  this,  a  ring  burner  is  provided  which  surrounds  the 
still,  and  is  at  first  placed  so  that  the  heat  strikes  about  the  top 
of  the  tar  in  the  still.  Little  attention  need  be  given  the  distillation 
but  from  time  to  time  the  ring  burner  is  lowered,  until  finally 
nearly  all  the  water  is  driven  out,  when,  if  necessary,  an  additional 
burner  is  placed  under  the  bottom. 
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In  order  to  be  certain  that  all  water  is  expelled,  the  temperature 
of  tiie  thermometer  in  the  vapor  should  reach  20o*  C.  As  the 
distillation  proceeds,  oil  comes  over  with  the  water  until  at  200*  a 
considerable  quantity  of  the  former  has  distilled.  The  volume  of 
the  water  is  then  read  off  in  cubic  centimeters,  and  gfives  the 
Tolume  per  cent.,  on  which  all  these  tests  are  based. 

If,  after  the  water  has  been  determined,  it  is  desired  to  examine 
ttie  tar  or  oil  further,  the  oil  which  has  distilled  over  with  the 
water  is  carefully  separated  from  the  latter  and  added  to  the  cooled 
tar  in  the  still,  and  the  distillation  recommenced ;  thus,  the  subse- 
quent determination  will  be  based  on  dry  tar.  Unless  this  is  done, 
false  results  are  obtained,  due  to  the  oils  distillinj?  aft  lower 
temperatures  in  the  presence  of  vapor  of  water.  For  example, 
a  tar,  which,  if  dry,  would  show  5  per  cent,  distilling  under  aoo* 
C,  might  show  20  per  cent,  to  the  same  point  if  much  water  was 
present 

The  ring  burner  may  be  dispensed  with  during  this  latter  distil- 
lation, and  it  is  advisable  to  cover  the  still  with  a  sheet  of  asbestos, 
if  a  high  temperature  is  to  be  finally  reached. 

If  at  any  time  it  is  desired  to  examine  the  material  in  the  still, 
this  can  be  done  without  dismounting  the  apparatus  by  removing 
the  small  plug  in  the  lid,  and  introducing  a  rod.  The  pitch  or 
residue  can  be  tested  as  to  the  melting-point  or  other  properties, 
and  if  not  of  the  desired  test,  the  distillation  can  be  continued. 

Some  tars  are  exceedingly  difficult  to  free  from  water,  the  con- 
tents of  the  still  boiling  over  notwithstanding  all  precautions.  If 
it  is  desired  to  determine  only  the  water  in  these,  the  removal  of 
the  latter  can  be  greatly  facilitated  by  adding  to  the  tar  a  hydro- 
carbon, boiling  slightly  higher  than  water — crude  or  refined  tolu- 
ene, for  instance.  This  thins  the  tar,  and  as  it  distils  readily,  carries 
over  the  water  completely.  Distillations  which  otherwise  would 
require  hours  to  complete,  can  be  then  readily  made  in  twenty 
minutes. 

This  method  is  also  very  advantageous  for  determining  water  in 
naphthalene  or  oils  rich  in  this  substance,  as  it  facilitates  the 
driving  out  of  the  last  traces  of  water,  and  prevents  crystallizing 
of  the  naphthalene  in  the  condenser  tube  and  receiver,  and  permits 
the  volume  of  water  to  be  readily  read  off. 
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In  these  determinations  a  pure  product  need  not  be  used — any 
hydrocarbon  boiling  between  lOO®  and  200**  will  serve,  the  precau- 
tion being  taken,  however,  to  determine  how  much  water  it  con- 
tains, and  allowing  for  the  same. 

Recently  a  German  patent  No.  130,295  was  granted  for  deter- 
mining water  in  substances  by  adding  a  higher  boiling  liquid  than 
water  and  one  that  does  not  mix  with  it.  It  is  to  be  regretted  that 
these  simple  laboratory  methods  should  be  made  the  subjects  of 
patents,  and  it  is  difficult  to  understand  the  object  of  taking  such  a 
patent ;  but  in  this  case  it  would  be  invalid  in  the  United  States,  as 
the  method  has  been  used  for  a  long  time  at  different  works. 

I^ABORATORY,   BARRETT  MANUFACTURING  CO. 


A  PR0CES5  FOR  HAKINQ  AVAILABLE  PHOSPHATES. 

BY  C  H.  DBM PWOLF,  JR. 
Rccclred  May  t9>  1909. 

A  NUMBER  of  processes  for  the  manufacture  of  available  phos- 
phates by  means  other  than  that  of  sulphuric  acid  have  been 
recently  proposed.  From  among  these  processes  the  following^ 
have  been  taken  as  seeming  of  the  most  importance. 

G.  F.  Wilson  (1861)  patented  a  process,  which  consists  in  treat- 
ing ground  mineral  phosphates,  bone-black,  etc.,  with  fused  sodium 
bisulphate  and  steam  under  high  pressure.  A  double  decompo- 
sition of  the  tricalcium  phosphate  into  calcium  sulphate  and  sodium 
phosphate  is  claimed  for  the  process,  thus  leaving  the  phosphoric 
acid  in  a  form  more  available  as  a  plant  food.  The  source  of  the 
bisulphate  is  the  waste  product  obtained  in  the  manufacture  of 
sulphuric  and  hydrochloric  acids.* 

G.  A.  Liebig  ( 1881 )  proposed  a  process  in  which  phosphates  are 
mixed  with  carbon  and  subjected  to  a  high  heat.  The  proportions 
given  are  two  parts  of  the  phosphate  to  one  of  carbon.* 

The  process  of  Brunner  and  Zanner  consists  in  treating  the 
finely  powdered  natural  phosphates  with  a  solution  of  sodium 
bisulphate.  After  filtration,  the  liquid  contains  the  calcium  acid 
phosphate,  which  is  ihen  precipitated  by  an  excess  of  lime.' 

>  U.  S.  Patent  75.325. 

*  U.  S.  Patent  241.868. 

*  MoniUur  SciemtiJIque^  1893,  p.  zoo,  and  Bng.  Patent  3,389,  Feb.  8, 189a. 
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A  method  of  making  hydrated  phosphate  of  alumina  soluble  in 
ammonium  citrate  was  proposed  by  Pillon  Freres  and  Buffet  in 
1892.  This  process  is  simply  a  dehydration  by  the  action  of  heat 
and  is  used  in  the  manufacture  of  Redonda  phosphate.^ 

Stq)hen  L.  Goodale  obtained  a  United  States  patent  on  a  similar 
process  in  1893.  Morse  has  shown,  however,  that  the  dehydrated 
phosphate  of  alumina,  as  sold  under  the  name  of  Redonda  phos- 
phate, absorbs  water  very  rapidly  ancl  reverts  to  the  hydrated  or 
insoluble  form,  this  being  its  probable  action  in  the  soil.^ 

C.  H.  Knoop,  by  heating  mixtures  of  natural  phosphates  with 
alkaline  silicates  or  materials  capable  of  forming  these  silicates,  to 
a  red  heat,  obtained  a  complex  alkaline  phosphate,  in  which  99 
percent,  of  the  phosphoric  acid  is  soluble  in  Wagner's  citrate  solu- 
tion.  The  fcdiowing  charges  are  given  as  yielding  good  results  :* 

Parti. 

Tricaldnm  phosphate 100 

Caldnm  carbonate 80 

Sodinm  sulphate 60 

Silica 54   , 

Tricalcinm  phosphate 100 

Caldnm  carbonate 56 

Magnesium  sulphate 185 

Silica 54 

J.  G.  Wiborgh,  of  Stockholm,  obtained  a  patent  in  the  United 
States  on  a  process  of  igniting  apatite  with  alkaline  carbonates  or 
hydroxides.  It  consists  in  pulverizing  the  apatite  and  mixing  it 
with  carbonate  of  sodium  or  potassium  or  with  sodium  or  potas- 
sium hydroxides,  and  subsequently  heating  the  mixture  to  a  red  or 
jeUow  heat.  A  tetracalcium  sodium  (or  potassium)  phosphate  is 
formed  according  to  the  following  equation : 

A(POJ,.CaF,  +  3Na,CO,  =  Ca,oNa,P.O„  +  2NaF  +  3C0, 

This  double  phosphate  is  readily  soluble  in  ammonium  citrate.* 

A  more  recent  patent  of  Wiborgh  and  Palmaer  (1903)  describes 
^  electrolytic  process  for  the  manufacture  of  soluble  phosphates. 
Apatite  or  other  phosphate  is  placed  in  an  electrolytic  cell  with  a 
salt  solution  adapted  to  liberate  an  acid  at  the  anode,  forming  a 
soluble  salt  with  lime,  while,  at  the  cathode  a  basic  hydroxide  is 

*  MmUeur  Sa'enitjlqmet  1892,  p.  aio,  and  Bng.  Patent  6,033.  Nov.  30,  1893. 
*Tlib  Jonmal,  1903,  p.  aSo. 

*  CemtraiUatL  1899,  p.  1053. 
*U.S  Piiteat  601,089. 
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formed,  the  acid  dissolving  the  phosphate  and  precipitating  the 
same  in  the  alkaline  liquid  of  the  cathode.^ 

Shutt,  in  a  paper  on  the  action  of  ground  mineral  phosphates  as 
a  fertilizer,*  describes  experiments  on  the  fusion  of  apatite  with 
sodium  sulphate  and  sodium  bisulphate.  It  was  found  that  when 
apatite  is  fused  with  sodium  sulphate,  35  per  cent,  of  the  total 
phosphoric  acid  in  ihe  product  becomes  soluble  in  a  2  per  cent, 
citric  acid  solution.  When  the  bisulphate  is  used,  50  per  cent,  of 
the  total  phosphoric  acid  is  soluble. 

The  use  of  a  i  per  cent,  citric  acid  solution  as  a  means  of  deter- 
mining the  availability  of  phosphates  as  a  plant  food  is  customary 
in  England.  The  results  obtained  by  Shutt  are  probablv  higher 
than  would  be  given  by  a  i  per  cent,  citric  acid  solution  or  the 
neutral  solution  of  ammonium  citrate,  as  adopted  by  the  Associa- 
tion of  Official  Agricultural  Chemists. 

Baskerville  noted  that  when  natural  phosphates  were  heated 
with  alkaline  salts,  such  as  sodium  sulphide,  sodium  nitrate, 
sodium  carbonate  and  sodium  sulphate,  a  large  proportion  of  the 
phosphoric  acid  became  citrate-soluble.  The  rock  contained  35 
per  cent.  Ca8(P04)2  and  was  mixed  with  sodium  carbonate  in  the 
proportion  of  4  of  rock  to  i  of  carbonate.  The  mixture  was  heated 
to  a  red  heat  and  gave  a  75  to  90  per  cent,  yield,  depending  upon 
the  temperature  and  the  duration  of  heating.  The  percentage  of 
water-soluble  phosphoric  acid  was  not  notably  increased.* 

Experimental. 

This  work  was  undertaken  with  a  view  to  the  utilization  of 
niter  cake,  the  by-product  from  the  manufacture  of  sulphuric  acid, 
and  at  the  same  time  the  production  of  an  available  phosphate. 
This  niter  cake  is  the  residue  from  the  treatment  of  sodium  nitrate 
with  sulphuric  acid  and  is  composed  mainly  of  sodium  bisulphate 
with  a  small  percentage  of  the  normal  sulphate.  The  niter  cake 
used  in  these  experiments  was  found  to  contain  NaHS04,  86.93 
per  cent. ;  Na2S04,  9.72  per  cent. 

EXPERIMENTS  WITH  BONE  ASH. 

Twenty  grams  of  ground  bone-ash  containing  40.16  per  cent. 
insoluble  phosphoric  acid  was  mixed  with  an  equal  quantity 
of  niter  cake  and  heated  in  a  porcelain  crucible  for  thirty  minutes 

1  U.  S.  Patent  707,886  and  this  Journal,  1903. 

«  Oum.  News  (1896),  p.  4. 

»y.  Soc.  Chem.  /nd.^  December,  1902. 
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with  the  blast-lamp.  The  mixture  before  heating  contained  20.08 
per  cent,  phosphoric  acid.  A  second  chargfe  was  run  at  the 
same  time,  using  20  grams  bone-ash,  and  20  grams  niter  cake,  with 
4c  addition  of  4  g^ms  charcoal.  This  mixture  was  heated  for 
the  same  length  of  time  and  at  the  same  temperature  as  in  the  first 
case. 
The  analyses  of  the  sintered  masses  may  be  stated  as  follows :' 

ao  gnmi  lK>ne«sh. 
90  grmiiu  bone-ath.      ao  grams  niter  cake. 
Charges.  ao  grams  niter  cake.        4  grams  carbon. 

Water-9olable  FjOs 0.13  3.70 

Citnte-aoluble  P,Ot 2.66  14.16 

Insolnble  PfOft 18.30  6.59 

Total  P,05 ao.99  24.45 

Ratio  of  available  Ffit  to  toUl  P,0«  •  •  13.24  73.05 

This  increase  in  the  percentage  of  available  phosphoric  acid 
is  due  mainly  to  the  formation,  of  the  double  phosphate  of  cal- 
dumand  sodium  (CaioNa4Pe027),  which  is  soluble  in  ammonium 
citrate  sdution  and  to  a  slight  extent  to  the  fact  that  tricalcium 
phosphate  is  more  soluble  in  water  containing  alkaline  salts  than 
in  pure  water.  Other  double  phosphates  of  calcium  and  sodium 
have  been  prepared,  and  Baer  mentions  a  calcium  sodium  pyro- 
phosphate having  the  formula  CaNaaP207.4H20.*  The  formula 
as  given  by  Wiborgh  corresponds  to  the  tetracalcium  phosphate  as 
present  in  basic  or  Thomas  slag  and  is  probably  the  one  which  is 
fonned  under  these  conditions. 

The  analyses  show  that  when  carbon  was  used,  the  ratio  of 
available  phosphoric  acid  to  total  phosphoric  acid  was  in- 
creased from  13.24  to  73.05  per  cent.  The  sodium  bisulphate 
was  uSed  in  excess  over  the  amount  necessary  to  form  the  double 
alt  CaioNa4P,02T,  while  the  carbon  used  was  the  calculated 
amount  necessary  to  reduce  the  sodium  acid  sulphate  to  sodium 
sulphide.  When  sodium  bisulphate  is  heated,  it  loses  water  ac- 
cording to  the  equation 

2NaHSO,  =  Na^S.O,  +  H^O. 
This  pyrosulphate,  at  a  somewhat  higher  temperature,  loses  sul- 
phur trioxide  and  the  normal  sulphate  is  formed, 
Na^SjOT  =  Na^SO^  +  SO.. 

*  The  methods  of  analytU  used  in  theie  ezperimenta  were  those  adopted  by  the  As- 
MdatioB  of  Officisl  Agricultnnl  ChemitU  and  described  in  Wiley's  "Principles  and 
ftictice  of  Agricultnnl  Analysis,"  Vol.  II. 

'Ptoa.^iiJt^75,p.  X59. 
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The  action  of  the  carbon  is  to  reduce  the  normal  sulphate  thus 
formed  to  sodium  sulphide  according  to  the  following  reaction : 

Na^SO^  +  4C  =  Na,S  +  4CO. 

It  is  probable  that  some  polysulphides  are  also  formed. 

EXPERIMENTS'  WITH  PHOSPHATE  ROCK. 

Similar  experiments  were  made,  using  a  natural  Florida  phos- 
phate containing  30.28  per  cent.  PaO^,  of  which  1.30  per  cent,  was 
citrate-soluble.  These  charges  were  heated  exactly  as  in  the  pre- 
ceding case  and  yielded  the  following  analyses : 

so  flfrAns  toclt. 
so  gtvmt  rock.       so  gnmu  niter  cake. 
Cluirgei.  ao  fftmms  niter  cake.       4  grmms  cartion. 

Water-Aoluble  P,05 0.38  0.27 

Citrate-toluble  P,0» 5.12  8.87 

Inaoluble  P,Ok 13.89  11.55 

TotalPjO, 19.39  20-69 

Ratio  of  available  P,09  in  total  P,0|  ••  28.36  44.17 

Here  the  increase  in  yield,  due  to  the  action  of  the  carbon  in 
forming  sodium  sulphide,  is  not  so  large  as  when  bone-ash  was 
used. 

The  effect  of  heat  alone  upon  the  phosphate  rock  was  determined 
by  igniting  20  grams  of  the  nxk  for  thirty  minutes  in  the  blast. 
The  analysis,  after  ignition,  shows  a  small  increase  of  dtrate- 
soluble  phosphoric  acid,  due  probably  to  the  dehydration  of  the 
ferric  and  aluminum  phosphates  present. 

Anmljrtis  of  rock        Analysia  of  ntik 
before  ignition.  after  ignition. 

TotalP^Os 30.28  31.82 

dtrate-aoluble  P,0( 1.30  3.27 

A  mixture  of  10  grams  phosphate  rock  and  10  grams  sodium 
sulphide,  heated  as  described  above,  gave  the  following  analysis : 

Water-soluble  P,Os o.r8 

Citrate-soluble  P,05 11.32 

Insoluble  P,05 ^ 8.86 

Total  P,0» 20.36 

Ratio  of  available  P^Os  to  total  P,0| 56.43 

It  was  believed  that  the  above  results  could  be  improved  upon, 
and  the  following  experiments  were  made  in  order  to  determine  the 
effect  of  temperature,  duration  of  heating  and  the  proportion  of 
ingredients  in  the  mixture  upon  the  amount  of  available  phosphoric 
acid  in  the  product. 
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In  order  to  determine  the  most  effective  temperature,  mixtures 
oi  10  grains  phosphate  rock,  10  grams  niter  cake  and  2  grams 
charcoal  were  heated  for  thirty  minutes  at  temperatures  of  830°, 
logo'  and  1200**  C.  and  for  one  hour  at  830"*  and  1090**  C.  The 
analysis  of  the  products  are  shown  in  the  following  table : 


30  miimtf.  I 

tleeipermtiire    83o^  1090*  laoo®  830*  1090® 

Water-flolnblc  P,0^ o.  16  0.33  0.24  0.50  0.25 

Citnte-aoltible  PsQt 8.26  10.00  13.55  8.19  13.57 

Inwliible  PgOft 11.83  9-54  8.77  12.05  7«33 

T)0talP,O| 20.25  19.87  21.56  20.54  21.15 

Rxtio  of  availAble  P,0,  to 

to«^  PfOk 41.58  5^98  59.3a  41.33  65.34 

These  results  indicate  that  the  amount  of  available  phosphoric 
add  is  increased  by  an  increase  in  temperature  and  duration 
of  heating.  The  charges  heated  to  830**  and  1090**  were  very 
porous  and  easily  pulverized,  while  the  charge  heated  to  laoo^  for 
thirty  minutes  was  partly  fused  and  difficult  to  break. 

Mixtures  containing  10  grams  phosphate  rock  and  varying  pro- 
portions of  4y  6,  8  and  10  grams  niter  cake,  with  carbon  sufficient 
in  each  case  to  reduce  the  bisulphate,  were  made  up  and  heated  for 
one  hour  at  a  temperature  of  1090°  C.  The  results  of  the  analyses 
of  these  products  are  as  follows : 

10  gnauM  rock.       lo  grrmnis  rock.  lo  mmt  rock.  lo  grams  rock. 

4tprmm9                 6gfmiiis  Scrams  logrmms 

niter  cake.             niter  cake.  niter  cake.  niter  cake. 

08 gram  carbon,  i. a  grams  carbon.  1.6  grams  carboki.  agramscartKm. 

Water-soluble  PtOs  0.12  0.19  -0.28  0.25 

Citnte-«olableP,0, 16.53  15-74  12.53  '3.57 

Imoliible  P,Oft  •  •  •  •  10.84  9- 13  8.96  7.33 

ToCalPaOg 27.49  35*^  21.77  21.15 

SAtio  of  available 

P,Ok  to  total  P,Ok  60.56  63.56  58.84  65.34 

The  differences  shown  above  between  the  ratios  of  available 
phosphoric  acid  to  total  phosphoric  acid  are  not  very  great, 
Ae  best  yield  being  obtained  with  the  mixture  containing  lo, 
10  and  2  parts  respectively  of  rock,  niter  cake  and  carbon.  The 
prod jct  from  this  charge  contained  considerable  excess  of  sodium 
sulphide,  which,  on  exposure  to  air,  oxidized  to  sulphate  and  ab- 
sorbed water  very  rapidly.  One  gram  of  this  phosphate  was  ex- 
posed under  a  bell-jar  for  several  days  to  an  atmosphere  saturated 
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with  moisture.  The  increase  in  weight  due  to  oxidaticHi  and  ab- 
sorption of  water  was  noted  as  follows:  After  24  hours,  0.1856 
gram ;  after  48  hours,  0.2148  gram ;  after  72  hours,  0.2254  gram. 

One  gram  of  the  phosphate  from  the  mixture  10  grams  rock,  4 
grams  niter  cake  and  0.8  gram  carbon  was  exposed  in  a  similar 
manner,  the  absoiption  in  this  case  being  considerably  less  than 
the  above  figures.  The  increase  in  weight  for  three  days  was 
after  24  hours,  0.0384  gram ;  after  48  hours,  0.0522  gram ;  after 
72  hours,  0.0550  gram. 

A  modification  of  Knoop's  charge,  using  a  proportional  quantity 
of  niter  cake  in  place  of  the  normal  sodium  sulphate,  was  tried,  but 
with  little  success.  The  charge  was  made  up  by  mixing  20  grams 
phosphate  rock,  10.6  grams  calcium  carbonate,  16  grams  niter  cake 
and  6.6  grams  silica,  and  heated  for  a  half  hour  at  a  temperature 
of  1090^  C. 

Analysis : 

Water-aoluble  PjOj 

Citrate-aoluble  P,0| 0.80 

Insoluble  P,0| 12.31 

Total  P,0| 13.11 

Ratio  of  available  P,05  to  total  P,Ot 6.10 

A  double  phosphate  and  silicate  of  lime  corresponding  to  the 
formula  Ca,(P04)2.CaSi04  would  be  formed  under  these  condi- 
tions and  does  not  seem  to  be  soluble  to  any  great  extent  in  the 
neutral  citrate  of  ammonia. 

A  method  of  treating  the  phosphate  rock  with  the  niter  cake  in 
solution  was  more  successful  than  any  of  the  above- described  ex- 
periments. Twenty  grams  of  the  ground  rock  and  twenty  g^ams 
of  niter  cake  were  mixed  in  a  beaker-glass  and  water  added  to 
form  a  thin  paste.  This  was  allowed  to  stand  for  four  weeks  with 
frequent  addition  of  water  and  stirring,  at  the  end  of  which  time 
the  water  was  allowed  to  evaporate  and  the  mixture  dried  in  the 
air.    An  analysis  of  the  product  thus  obtained  was  as  follows  : 

Watcr-ioluble  PA 6.89 

Citrate-soluble  PjOft 

Insoluble  P,05 5.54 

ToUlP,Oft 12.43 

Ratio  of  available  PsO,  to  total  Ffi^ 55.43 
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In  this  case  no  citrate-soluble  phosphoric  acid  was  fonned,. 
all  of  the  available  phosphate  being  soluble  in  water.  The  trical- 
cimn  phosphate,  being  somewhat  soluble  in  water  containing 
alkaline  salts,  neutralizes  the  acidity  of  the  bisulphate  according  to 
the  equation 

Ca.(PO,),  +  4NaHS04  =  CaH,(POJ,  +  2Na,SO,  +  CaSO,.* 

CONCLUSIONS. 

The  sulphuric  acid  industry  being  so  closely  allied  to  the  manu- 
facture of  fertilizers,  it  would  seem  from  the  foregoing  work  that 
it  is  possible  to  utilize  the  sodium  bisulphate,  niter  cake,  to  good 
effect  in  the  production  of  an  available  phosphate.  The  cost  of 
producing  acid  phosphate  on  a  large  scale  by  means  of  sulphuric 
add  is  very  low  and  any  process,  even  though  an  auxiliary  one,  for 
the  production  of  the  same  phosphate  must  necessarily  be  a  cheap 
one.*  The  method  of  heating  mixtures  of  niter  cake,  phosphate 
rock  and  carbon  would  probably  be  more  expensive  than  the  pres- 
ent one  for  any  but  a  cheap  low-grade  phosphate  rock.  Further- 
more, there  is  a  general  prejudice  against  the  use  of  citrate- 
soluble  or  so-called /'reverted  phosphoric  acid",  although  it  has 
been  given  the  same  value  as  that  soluble  in  water  by  the  various 
experiment  stations  of  this  country. 

It  is  believed  by  agricultural  chemists  that  when  an  acid  phos- 
phate, containing  the  various  forms  of  phosphoric  acid  is 
applied  to  a  soil  containing  iron  and  alumina,  the  soluble  parts  of 
die  compound  tend  tc*  become  fixed  by  union  with  such  bases  or 
by  precipitation  as  Ca,H,(P04)2.* 

The  method  of  treating  the  pulverized  phosphate  with  a  solution 
of  niter  cake  promises  to  be  more  successful,  since  the  available 
phosphoric  acid  in  the  product  constitutes  55.43  per  cent,  of  the 
total  phosphoric  acid  and  is  completely  soluble  in  water.  By 
finer  grinding  of  the  rock,  it  may  be  possible  to  increase  the  yield, 
and  the  time  four  weeks  may  be  longer  than  is  necessary  to  com- 
plete the  reaction. 

1  R  is  pcMsible  tlut  tome  •odium  phosphate  may  be  formed  in  the  above  process. 

*  A 14  per  cent,  acid  phosphate  can  be  made  for  abont  $7  per  ton. 

^  Wiley's  "Principles  aqd  Practice  of  Agricultural  Chemical  Analysis,**  Vol.  II.,  p.  140. 


A  PRBLiniNARY  REPORT  UPON  THE  OXIDATION  OP  LIN- 
SEED OIL. 

BT  F&BDBSICK  I4.  DfTNLAF  AND  ¥tUMCM  D.  SBBNK. 
Received  May  m.  tfoj. 

The  question  of  the  phenomenon  of  the  drying  of  linseed  oil  is 
one  of  f^eat  interest,  but  while  more  or  less  work  has  been  done 
on  this  subject,  in  order  to  elucidate  the  chemical  changes  taking 
place  during  the  drying  of  linseed  as  well  as  other  drying  oils, 
yet  our  knowledge  of  the  subject  is  far  from  complete.  We 
undertook  this  work  with  the  hope  of  being  able  to  throw  more 
light  on  this  question,  but  the  fact  that  we  are  unable  to  further 
carry  on  this  work  in  conjunction,  makes  it  necessary  that  this 
report  should  be  considered  merely  in  the  light  of  a  preliminary 
one,  and  it  is  hoped  that  later,  one  of  us  may  be  able  to  fill  in  the 
gaps  that  are  lacking  in  the  experimental  part  of  this  report. 

The  first  work  of  importance  on  the  subject  of  the  chemistry  of  - 
drying  oils,  with  reference  to  the  action  of  air  on  them,  is  in  the 
classic  work  of  Mulder,^  although  previous  to  Mulder,  Unver- 
dorben^  and  Leuchs'  had  made  a  brief  study  of  the  action  of  air 
on  linseed  oil,  but  their  results  were  not  such  as  to  lead  to  any 
definite  conclusions. 

Mulder's  work  on  the  chemistry  of  the  drying  oils,  was  pub- 
lished in  German  in  1867,  ^^^  included  in  it  the  results  of  his 
researches  on  the  action  of  air  on  linseed  oil  as  well  as  on  the  free 
adds  of  linseed  oil.  At  the  time  when  Mulder  carried  on  his  re- 
searches, the  knowledge  of  the  constitution  of  these  oils  was  very 
incomplete,  nor  was  much  known  about  them  until  the  publication 
of  the  beautiful  researches  of  Hazura  and  others  in  the  Monats-- 
hefte.^  Mulder  came  to  the  conclusion  that  the  liquid  acids  in 
linseed  oil  contained  besides  oleic  acid,  an  acid  of  the  composition 
CioHsgO,  (leinolsaure).  On  oxidation  of  linseed  oil  by  means  of 
air,  Mulder  held  that  the  glycerin  was  completely  oxidized,  that 
the  free  fatty  acids  and  the  greater  part  of  the  oleic  acid  remained 
unchanged,  and  that  the  acid  CioHssO,  at  first  formed  the  acid 
Ci^HscOg  (linoxysaure)  and  finally  as  an  end-product  of  the  oxi- 
dation, the  neutral  linoxyn  CmHb^Oh. 

1 "  Chemie  der  austrocknendcn  Oele."  Traiulated  from  the  Dutch  bj  J.  MttUer. 
Berlin,  1867.    Julitu  Springer. 

*  Schweigger*! yovr.,  17,  345. 

*  Gmelin-Knut/ 7, 1231. 

«  7,  ai6  ;  8, 147. 156.  a6Q  ;  9,  xSo,  198.  475- 
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Hazura^  has  shown  as  the  results  of  his  study  of  the  action  of 
potassium  permanganate  (Hi  an  alkaline  solution  of  the  liquid  acids 
of  linseed  oil,  that  linseed  oil  contains  the  glycerides  of  the  follow- 
ing  acids:       Oleic,    CigHj^O,;    Linolic,    CisH„0,;    Linolenic, 
C|,H,oOs  ;  Isolindenic,  C^sHsoO,.    It  was  impossible  that  Mulder 
should  have  heen  able  to  come  to  any  correct  conclusi<m  on  the 
oxidation  of  linseed  oil  by  means  of  air,  for  from  the  work  of 
Hazura  ^we  can  see  that  Mulder  .was  dealing  with  a  more  compli- 
cated product  than  he  was  aware  of,  and  that,*  for  example,  his 
linoxy  acid,  C^^H^^O,,  obtained  from  the  acid  Ci^H^O,,  could  not 
have  been  the  simple  product  that  Mulder  took  it  to  be,  but  must 
have  been  a  mixture  of  products,  which  furthermore  could  not 
have  contained  an  acid  of  the  chain  C^ei  but  must  have  been  those 
of  the  higher  chain  C^^. 

Bauer  and  Hazura'  studied  the  phenomenon  of  the  drying  of 
oils,  and  have  clearly  shown  that  the  results  obtained  by  Mulder 
on  his  linoxy  add  are  unreliable.    So  far  as  the  action  of  air  is 
concerned^  Bauer  and  Hazura  studied  its  action  on  the.  free  acids 
of  linseed  dil,  on  the  barium  and  lead  salts,  and  on  the  linseed  oil 
itself.     In  brief,  their  conclusions  are  as  follows :  The  oleic  acid 
undergoes  no  change  whatsoever ;  the  more  linolenic  acid  there  is 
in  the  oil,  the  more  rapidly  it  dries;  the  oxidation  consists  not 
only  in  the  saturation  of  the  free,  valencies  with  oxygen,  but  also 
in  the  formation  of  ccxnpounds  containing  hydroxyl  groups ;  the 
acids  dry,  on  long  exposure  to  the  air,  with  the  formation  of  an- 
I  hydrides,  but  that  they  were  unable  to  say  whether  such  anhy- 

drides were  lactonic  in  nature  or  formed  from  2  molecules  of  the 
exyacids;  and  finally,  that  there  is  no  difference  between  the 
drying  of  the  free  acids  and  their  salts. 

For  some  not  very  well-defined  reason,  Bauer  and  Hazura  con- 
cluded that  as  they  had  shown  clearly  the  constitution  of  the  un- 
saturated acids  in  linseed  oil,  it  appeared  ''unnecessary  to 
isolate  the  individual  ccmipounds  from  the  oxidation  product  ob- 
tained from  the  adds  of  linseed  oil  by  the  action  of  air  upon  them ; 
it  is  sufficient  to  show  in  what  way  the  oxidation  takes  place." 
In  this,  we  can  not  agree  with  Bauer  and  Hazura  that  all  that  is 
necessary  is  to  show  in  what  way  the  oxidation  takes  place,  unless 

1  M^mmtsh.  Ckem.^  9, 191  (1888). 

•  IML.^  9»  460  (1888). 
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in  SO  doing,  it  is  perfectly  evident  what  the  final  products  of  such 
an  oxidation  may  be.  In  order  to  elucidate  the  chemical  changes 
taking  place  when  linseed  and  other  oils  dry,  either  the  individual 
oxidation  products  must  be  isolated  and  analyzed,  or  else,  if  this 
prove  impracticable,  results  must  be  obtained  from  some  other  but 
less  direct  route.  None  of  the  experimental  results  of  Bauer  and 
Hazura  can  be  interpreted  ^o  mean  that  the  oxidation  by  air  gives 
rise  to  the  same  products  as  are  obtained  by  the  action  of  potas- 
sium permanganate  on  an  alkaline  solution  of  the  linseed  oil  acids. 
Nor  are  the  conclusions  of  Bauer  and  Hazura  as  given  above, 
namely,  with  reference  to  the  formation  of  hydroxy  acids  and  an- 
hydrides, etc.,  given  with  sufficient  definiteness  to  help  us  to 
anything  like  a  clear  understanding  of  the  question.  We  have 
spent  considerable  time  in  attempts  to  isolate  some  of  the  hydroxy 
acids  described  by  Hazura^  as  resulting  from  the  action  of  potas- 
sium permanganate  on  the  unsaturated  acids  of  linseed  oil,  but,  in 
the  product  obtained  from  the  action  of  air  on  linseed  oil,  we 
have  been  tmable  to  obtain  a  trace  of  any  product  resembling 
those  obtained  by  Hazura  with  potassium  permanganate,  nor  is 
there  any  a  priori  reason  for  believing  that  the  oxidation  would 
follow  the  same  lines.  We  judge  from  the  context  of  the  article 
of  Bauer  and  Hazura  that  they  wish  to  convey  the  idea  that  air 
and  potassium  permanganate  produce  identical  results  in  the  oxi- 
dation in  question,  otherwise  we  are  at  a  loss  to  understand  why 
they  deem  it  unnecessary  to  isolate  the  oxidation  products,  but 
think  it  sufficient  to  dismiss  the  question  with  a  few  conclusions 
quoted  at  the  beginning  of  this  paper. 

In  1893,  Fahrion*  published  an  article  on  the  oxidation  of  oils 
by  means  of  air,  in  which  work  he  gives  the  results  of  some  oxida- 
tion products  which  he  isolated  and  subjected  to  analysis.  He 
oxidized  linseed  oil,  for  example,  by  saturating  chamois  skin 
with  the  oil  and  allowing  the  skin  so  treated  to  hang  in  the  air 
until  the  oxidation  was  finished.  But  Fahrion  himself  shows  that 
he  had  not  obtained  pure  products,  but  only  mixtures  of  various 
oxy-acids. 

The  above  references  to  the  literature  give,  so  far  as  we  have 
found,  the  results  bearing  directly  on  the  chemical  changes  taking 
place  during  the  drying  of  linseed  oil. 

1  Monatsh.  Ckem,,  9, 19X  (x888). 
•  Chem,  Ztg,,  17  (a).  1849  (1893). 
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We  have  attacked  the  problem  in  two  ways,  first,  the  oxidation 
of  linseed  oil  when  dissolved  in  ligroin ;  and  second,  when  dis- 
solved in  benzene.  A  reference  to  the  action  of  air  on  linseed  oil, 
when  dissolved  in  benzene,  occurs  in  Allen's  "Commercial  Organic 
Analysis."*  Whether  this  work  is  abstracted  from  a  published 
article  or  is  the  result  of  some  experiments  carried  out  by  Allen 
himself,  we  cannot  say,  but  we  have  found  no  trace  of  any  sugges- 
tion regarding  the  oxidation  of  linseed  oil  in  benzene  solution 
other  than  that  given  by  Allen.  The  few  lines  devoted  by  Allen 
to  this  subject,  do  not  contain  any  results  which  cast  any  light  on 
the  chemical  side  of  this  phenomenon  of  oxidation. 

The  serious  objection  to  the  oxidation  of  linseed  oil  by  spread- 
ing it  in  thin  layers  on  metal  or  glass  plates,  and  then  exposing 
them  to  the  air,  either  at  ordinary  or  elevated  temperatures,  is  that 
it  is  a  process  that  may  take  weeks  or  even  months  of  exposure 
in  order  to  bring  about  thorough  oxidation,  and  even  then  it  is  a 
serious  question  whether  or  not  the  oxidation  has  become  com- 
plete. As  soon  as  the  superficial  layer  of  the  oil  becomes  coated 
with  a  layer  or  film  of  the  oxidized  product,  the  oil  lying  below 
this  film,  and  which  is  unacted  upon  by  the  air,  is  more  or  less 
effectively  removed  from  the  action  of  the  air  by  the  film  on  the 
surface.  This  latter  objection  is  also  applicable  to  Fahrion's 
scheme  of  oxidizing  linseed  oil  which  has  been  exposed  to  the  air 
on  chamois  skin. 

By  dissolving  the  linseed  oil  in  a  suitable  solvent,  and  then 
aspirating  air  through  it,  the  above  objections  are  readily  over- 
tome.  Low-boiling  ligroin  and  benzene  serve  admirably  for  this 
pnrpose. 

The  sample  of  linseed  oils  used  for  the  experimental  part  of 
this  work,  was  a  sample  of  pure  boiled  oil  containing  lead  and 
nianganese  as  driers.  The  iodine  number,  acid  value,  etc.,  of  this 
oil,  are  given  at  the  beginning  of  the  table  later  on  in  this  article. 

To  determine  the  rate  of  oxidation,  lOO  grams  of  the  boiled  oil 
were  dissolved  in  i,ooo  cc.  of  ligroin  (boiling-point  below  90**) 
and  air  drawn  through  the  solution.  This  was  started  November 
loth.  After  forty-eight  hours,  the  oxidation  product  that  had 
separated  was  filtered  off,  thoroughly  macerated  with  ligroin,  then 

>  Thhd  edition,  VoL  II,  Part  I,  p.  153. 
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washed  several  times  with  a  lower  boiling  product  to  remove  any 
of  the  original  linseed  oil  mechanically  held.  After  drying  first 
in  air  then  in  vacuo  over  sulphuric  acid,  a  sharp  odor  was  given 
off  similar  to  that  of  hydrochloric  acid,  only  stronger,  and  resem- 
bled the  odor  of  acrolein.  This  solid  oxidation  product  weighed 
17.5  grams.  Air  was  again  drawn  through  the  ligroin  solution 
and  after  forty-eight  hours  more,  a  second  batch  was  filtered  off. 
This  also  had  the  sharp  odor  noted  above.  This  lot  weighed  24 
grams.  A  third  lot  was  taken  out  November  i6th  ;  weifj^ht,  2$ 
grams.  It  did  not  have  the  sharp  odor — ^was  white  and  almost 
transparent.  The  fourth  and  last  batch  was  filtered  off  four  days 
later;  it  weighed  about  15  grams  and  looked  the  same  as  the  third 
lot.  Air  was  again  drawn  through  the  solution  until  November 
24th,  and  as  no  product  had  separated  since  the  last  filtering,  it 
was  sufficient  evidence  that  the  oxidation  was  complete  November 
20th  or  before.  The  total  weight  of  products  was  81.5  grams. 
The  remaining  solution  was  dear  but  fluorescent  while  cold,  and 
upon  distilling  off  the  ligroin  in  vacuo,  the  fluorescence  disap- 
peared and  a  precipitate  formed.  Weight  of  final  product  was  20 
grams.  The  ligroin  that  distilled  off  had  a  very  sharp  penetrating^ 
odor  like  that  previously  mentioned  in  connection  with  the  first 
oxidation  products.  After  standing  for  a  couple  of  weeks,  the 
sharp  odor  entirely  disappeared  from  the  ligroin.  About  5  grams 
of  the  last  product  was  solid,  the  rest  a  deep  yellow  oil.  The  first 
oxidation  products  that  separated  were  darker  in  color  than  those 
separated  later.  During  the  aspirating  of  air  through  the  ligroin 
solution  of  the  linseed  oil,  the  ligroin  lost  by  evaporation  was 
replaced  by  fresh  solvent" so  that  the  volume  remained  practically- 
constant. 

Since  the  oxidized  oil  seemed,  to  form  two  distinct  products, 
so  far  as  color  was  concerned,  an  experiment  was  run  to  determine 
whether  there  was  any  special  difference  between  them.  This  was 
started  in  the  same  way  as  the  above  experiment,  but  the  oxidation 
product  was  allowed  to  collect  until  the  oxidation  was  complete. 
A  mechanical  separation  was  then  made  of  these  two  layers.  The 
dark  layer,  called  A,  and  the  light  layer,  called  B,  were  each  sub- 
jected to  the  method  of  washing  previously  mentioned.  Each 
layer  weighed  approximately  60  grams.     They  were  then  sub- 
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jected  to  repeated  extractions  with  boiling  ether  until  no  residue 
remained  on  evapcM-ating  the  solvent.  The  ether  extract  from  A 
(Ai)weigfaed  20  grams,  while  that  from  B  (B^)  weighed  30.  As 
will  be  seen  from  the  following  table,  there  is  a  slight  diflFerence 
in  the  iodine  numbers  of  the  etfier-soluble  and  the  ether-insoluble 
portions  of  the  product  A.  The  part  A  carried  more  of  the  man- 
ganese of  the  dryer  than  the  part  B. 

The  ether  insoluble  of  B  was  extracted  several  times  with  large 
quantities  of  boiling  chloroform.    Out  of  31  grams  taken,  only 
28  g^rams  were  dissolved  by  the  chloroform ;  this,  after  evaporating 
oflF  the  solvent,  was  of  a  reddish  brown  color,  but  gradually  turned 
white  on  standing.    The  part  insoluble  in  chloroform  was  a  gray- 
ish white  product  of  a  rubbery  consistency.    According  to  Mulder* 
the  oxidation  product  is  dissolved  by  a  mixture  of  ala^ol  and 
chloroform,  but  the  products  we  obtained  were  not,  if  conclusions 
can  be  drawn  from  the  following  experiment.    Four-tenths  of  a 
gram   of  the  ether-irsoluble  portion  was  heated  to  boiling  for 
sixty  hours  in  a  mixture  of  400  cc.  of  alcohol  and  chloroform,  one 
part  of  the  former  to  four  of  the  latter.    At  the  end  of  that  time 
a  considerable  portion  was  still  undissolved.    When  heated  with 
alccAol  and  chloroform,  the  product  does  swell,  but  the  swelling 
is  due  to  the  chloroform  alone,  not  to  the  alcohol.    It  also  swells 
slightly  when  heated  with  ether  and  can  be  easily  ground  to  a 
fine  powder  after  the  ether  is  poured  off. 

On  December  5th  another  sample  of  100  grams  of  the  oil  was 
oxidized  as  the  above,  but  benzene  was  used  instead  of  ligfoin. 
At  first,  no  product  separated  as  from  the  ligroin  solution.  At  the 
end  of  eighteen  days  the  oil  had  an  iodine  number  of  37 ;  by  Janu- 
ary 15th  the  iodine  number  was  24.9.  By  February  ist  a  solid 
product  had  separated  out ;  this  was  filtered  off  and  washed  several 
times  with  benzene.  The  dry  product,  called  C,  weighed  18  grams. 
Air  was  again  drawn  through  the  remaining  oil  for  a  month  more, 
but  nothing  further  separated.  After  filtering  off  the  solid  prod- 
uct, the  oil  had  an  iodine  number  of  35,  and  the  lowest  we  were 
able  to  get  it  after  that  was  31.  Twenty-two  per  cent,  of  the  above 
solid  product  was  soluble  in  ether,  which  shows  that  the  product 
may  diflFer  to  a  certain  extent  from  that  separating  from  the 

1  •*chemlt  der  Aastrockncnden  Ocle."  p.  98. 
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ligroin,  as  the  ether-soluble  part  of  the  product  separating  from 
ligroin  was  nearly  50  per  cent,  of  the  total  solid. 

In  determining  the  iodine  number,  the  various  samples  had  to 
be  heated  to  the  temperature  of  the  water-bath  in  order  to  effect 
solution  (except  in  the  case  of  the  ether-soluble).  When  this  had 
been  accomplished,  Wiji's  solution  of  ICl  in  glacial  acetic 
acid  was  added  and  allowed  to  stand  for  lengths  of  time  varying 
from  fifteen  minutes  to  nearly  an  hour.  In  general,  the  iodine 
absorption  was  found  to  be  complete  in  twenty-five  to  thirty-five 
minutes,  t.  e.,  for  a  shorter  time  the  iodine  absorption  was  low 
and  increased  to  a  constant  when  allowed  to  stand  for  the  period 
just  indicated. 

The  dissolving  of  the  oxidation  product  in  glacial  acetic  acid, 
by  means  of  heat,  produced  a  solution  of  slightly  reddish  color. 
Where,  for  example,  the  product  was  soluble  on  long  shaking 
with  glacial  acetic  acid  at  ordinary  temperatures,  as  were  the  ether- 
soluble  products  Ai,  Bi  and  C^,  the  iodine  absorption  was  found 
to  be  less  than  when  such  solution  was  effected  by  means  of  heat. 
For  the  ether-soluble  products  A^,  B^  and  C^,  solution  was 
effected  by  means  of  automatic  shaking  for  periods  varying  from 
three  to  ten  hours,  and  in  the  following  table  the  iodine  numbers 
given  represent  the  results  of  solution  produced  without  the  aid  of 
heat. 

A2  and  Bj  were  nearly  all  soluble  in  cold  glacial  acetic  acid  and 
it  is  highly  probable  that  they  are  completely  soluble  if  sufficient 
acid  is  used,  but  we  were  unable  to  carry  out  this  work  for  lack  of 
time. 

Aj,  Bi  and  Ci  were  all  thick,  viscous,  yellowish  oils,  which  on 
long  standing  in  the  air  grew  more  viscous,  becoming  coated  with 
a  film  like  that  forming  on  linseed  oil  itself.  Aj,  Bj  and  C  were 
of  a  leathery  or  gutta  percha-like  consistency. 

In  determining  the  iodine  numbers,  Wiji's  method  was  used 
throughout,  as  Hubl's  method  could  not  be  used,  for  glacial  acetic 
acid  was  found  to  be  the  only  satisfactory  solvent  for  these 
products. 

The  following  table  gives  some  of  the  results  obtained  from  the 
various  oxidation  products. 
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Iodine 
number. 


Original  oil 


B 


Add  vAlue  of 

potaasium 

nsrdroxide. 

Milligraai*. 

4.00 

4.00 


Saponification 

value  of 

potassium 

hydroxide. 

Milligrams. 

183.0 

180.6 


A|,  soluble  in  ether 

B,,  soluble  in  ether 

C|,  soluble  in  ether 

A^  insoluble  in  ether -I 

Bt,  CHCl,  extract  of  ether-insol .  { 

C^  insoluble  in  ether 

B^  insoluble  in  ether  or  CHCl,  • 
Oil  not  psecipitated  from  ligroin 
Adda  from  ether-soluble.  (Bi) 
Acids  from  ether-insoluble.     ( B ) 


Ether 
value. 

177.8 


(176.6 

(176.9 

f   44.8  (?) 

i  54.2 

J    26.7 

(  28.5 
23.0 
22.7 
54.9  64.5  251.7  190.2 

54.2  64.7  258.0  

42.2  66.5  237.2  171.4 

42.1  67.0        239.1        .... 
25.4        98.2        330.0       230.4 

25.4  lOI.l       ....       .... 

32.5  ...  ....         

34.0  •••  •...  •*.• 

32.2  71.2)1  321.1  243.3 
32.9  85.7)  322.3 
24.2  ...  ....  .... 

24.7 

20.0  •••  •.••  •••• 

29. 1  '••  •■■•  •••• 

65.0  21.6  193.1  171.4 

66.0  21.7  193.9  .... 

51.8  231.2  268.9  37.7 

52.9  231.5  269.6 
43.4  265.2  307.0  42.4 
45.9  265.8  309.0 

The  ether  value  was  obtained  by  taking  the  difference  between 
the  mean  of  the  saponification  values  and  the  mean  of  the  acid 
values. 

From  the  free  fatty  acids  of  A^,  B^  and  Q  white  crystalline 
products  wereobtained.  Crystalline  products  of  a  similar  nature  were 
obtained  from  the  ether-insoluble  portion.  To  show  that  this  product 
did  not  come  from  any  of  the  original  oil  carried  down  mechani- 
cally by  the  oxidation  product,  25  grams  of  the  oxidized  oil  were 
heated  with  ether,  which  rendered  the  product  very  brittle,  and 
it  was  then  finely  ground.  This  was  then  extracted  with  ether  in 
a  Soxhlet  extractor  for  ten  hours,  which  removed  all  of  the  origi- 
nal oil  and  also  all  of  the  oxidized  part  soluble  in  ether.    When 

>  Tlicflc  figares  do  not  represent  the  true  «cid  value,  as  we  found  it  impossible  to  bring 
Che  laat  trsces  of  this  product  into  solution,  before  titrating  with  potassium  hydroxide. 
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the  product  was  dried  after  the  extraction,  it  was  of  the  con- 
sistency of  commeal,  and  absolutely  free  fnnn  sticky  material.  It 
required  not  over  fifteen  minutes  for  complete  saponification  with 
a  25  per  cent,  potassium  hydroxide  solution ;  sufficient  heat  was 
generated  by  the  reaction  itself  to  effect  the  result.  The  fatty 
acids  were  thrown  out  with  sulphuric  acid  and  the  solution  cooled 
with  ice  so  the  acids  could  be  lifted  out  in  a  lump  with  a  stirring 
rod;  widiout  cooling,  the  acids  could  not  be  separated  from  the 
water  by  mechanical  means.  They  were  then  thoroughly  washed 
with  water  and  dried;  the  weight  was  15.2  grams.  After  mixing 
with  quartz  sand,  the  acids  were  extracted  with  ligroin.  The 
weight  of  product  extracted  was  1.2  grams.  This  was  perfectly 
white  and  was  crystallized  from  glacial  acetic  acid.  The  part 
insoluble  in  ligroin  was  then  extracted  with  ether.  The  ether  ex- 
tract weighed  10  grams;  that  insoluble  in  ether  weighed  nearly 
4  grams  and  was  very  dark  in  color. 

By  fractional  crystallization,  1.2  grams  of  the  white  crystalline 
proauct  were  separated  into  two  products  melting  at  60*^-61  **  and 
52*'-53®.  This  required  a  large  number  of  fractions  to  be  made, 
and  at  the  end  of  this  work  but  very  small  amounts  of  the  two 
products  were  obtained.  We  are  disposed  to  think  that  these  two 
products  are  respectively  palmitic  and  myristic  acids,  although  it 
is  difficult  to  understand  how  these  acids  could  have  been  present 
in  the  product  from  which  they  were  obtained,  for,  as  pointed 
out  above,  this  product  had  been  extracted  for  ten  hours  with  ether. 

The  fact  that  the  benzene  solution  of  linseed  oil  could  not  be 
brought  to  have  a  lower  iodine  number  than  31  by  continued  as- 
piration of  air  through  the  solution,  shows  conclusively  that  the 
products  of  which  linseed  oil  is  composed  can  not  be  completely 
oxidized  by  air.  Prom  what  is  known  of  oleic  acid  and  its  prop- 
erties, there  is  no  reason  to  doubt  but  that  the  iodine  number  was 
produced,  at  least  in  part,  from  the  unchanged  oleic  acid  or  clein. 
This,  however,  is  but  in  agreement  with  the  well-known  fact  that 
oleic  acid  is  practically  unacted  upon  by  the  oxygen  of  the  air. 
From  the  large  increase  in  the  acid  value,  it  is  evident  that  the 
oxidation  of  linseed  oil  by  air  takes  place  to  a  considerable  extent 
through  the  oxidation  of  the  glycerin  of  the  glycerides.  While 
we  have  been  unable,  for  lack  of  time,  to  attempt  an  isolation  of 
the  product  having  the  sharp,  characteristic  odor  of  acrolein,  yet 
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it  is  not  impossible  that  acrolein  may  be  formed  during  this 
progress  of  oxidation.  That  the  air  oxidizes  linseed  oil  with  the 
fannation  of  carbon  dioxide,  formic  and  acetic  acids,  has  been 
shown  by  Mulder*,  from  which  we  can  see  that  the  chemical 
changes  takings  place  during  the  drying  of  the  glycerides  are 
complex.  That  the  acrolein-like  odor  came  from  the  linseed  oil 
and  not  from  the  ligroin,  was  determined  by  a  blank  experiment. 
It  is  also  evident  that  the  oxidation  in  ligroin  by  means  of  air 
gives  rise  to  products  that  ire  still  unsaturated.  While  no  acetyl 
Talues  were  determined,  yet  it  was  sufficiently  well  shown  by 
Hazura'  that  products  containing  the  hydroxyl  group  are  formed. 
That  we  were,  for  example,  dealing  with  a  produet  free  from  any 
nnoxidized  oil  or  free  oleic  acid,  let  us  consider  such  a  product  as 
B,  or  G,.  If  any  unoxidized  oil  was  carried  down  mechanically 
with  the  oxidized  product,  it  must  have  been  in  small  quantities. 
If  any  such  occluded  oil  or  free  oleic  acid  were  present,  it  must 
have  been  completely  removed  by  the  subsequent  maceration  and 
washing  of  the  product  with  ligroin,  and  in  the  long  and  thorough 
extraction  with  ether.  Even  after  such  treatment,  the  iodine  num- 
ber of  Cj  was  found  to  be  24.5  (mean  value),  while  in  the  case 
of  B,  it  was  33.6  (mean  value),  and  in  B,  it  was  28.9  (mean 
value).  From  this  we  must  conclude  that  the  oxidized  product 
tfirown  out  from  a  ligroin  isolution  is  an  unsaturated  hydroxylated 
product. 

What  the  exact  chemical  nature  of  these  products  is.  it  is,  at 
present,  impossible  to  say ;  nor  can  we,  as  yet,  be  assured  that  the 
product  obtained  from  ligroin  is  identical  with  the  product  ob- 
tained by  oxidation  without  a  solvent.  Bauer  and  Hazura*  ob- 
tained, by  Hiibrs  method,  an  iodine  number  of  28.8  and  29.4  for 
the  free  acids  obtained  from  linoxyn.  We  obtained  an  iodine 
number  of  43-4  and  45.9  from  our  corresponding  product,  /.  r.,  the 
free  acids  of  the  ether-insoluble  portion. 

The  ether  values  37.7  and  424,  obtained  from  the  acids  of  the 
ether-soluble  and  ether-insoluble  products,  point  to  the  presence 
of  lactones  in  the  acids,  and  it  is  altogether  probable  that  lactones 
are  also  present  in  the  other  products  given  in  the  table,  and  that 
the  ether  values  do  not  represent  alone  the  amount  of  glycerin  in 

1  '^CbcBftle  der  AttRtrocknenden  Oele.'*  p.  109. 
•  UomaUk,  Ch£m.,  9*  46a  and  463  (1888). 
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these  unsaponiiied  products,  but  also  the  lactones  present. 
Lekowitsch/  in  an  article  "On  Oxidized  Oils,"  points  out  the 
probable  presence  of  lactones  in  solidified  linseed  oil  (linoleum 
mass)  through  the  difference  in  the  acid  and  saponification  values 
from  the  free  acids. 

The  question  has  arisen  whether  or  not  the  product  with  which 
we  worked,  which  was  insoluble  in  ether,  was  identical  with 
Mulder*s  linox)m.  So  far  as  characteristics  are  concerned,  our 
ether-insoluble  product  was  identical,  except  that  Mulder  says  that 
linoxyn  is  insoluble  in  alcohol,  while  we  have  found  that  our 
product  dissolved  after  long-continued  boiling  with  a  large  excess 
of  alcohol."  Ii^this,  too,  our  results  are  at  slight  variance  with 
Mulder's,  so  it  may  be  that  our  product  is  not  identical  with  Mul- 
der's linoxyn,  but  it  is  more  than  likely  that  Mulder  did  not  sub- 
ject his  linoxyn  to  as  vigorous  a  solubility  test  as  we  have  our 
product.  Reference  has  already  been  made  to  our  experiment  re- 
garding the  solubility  of  our  product  (ether-insoluble)  in  chloro- 
form and  alcohol. 

The  oxidation  product  which  separates  from  the  ligroin  gives 
a  larger  amount  of  ether-soluWe  product  if  it  is  extracted  at  once 
than  if  the  product  is  allowed  to  stand  for  some  days  before  ex- 
traction. This  may  be  due  to  a  mechanical  change  in  the  oxidation 
product.  When  first  separated,  the  product  is  less  tenacious  and 
more  readily  permeated  by  the  solvent,  than  when  it  has,  by  ex- 
posure to  the  air,  lost  all  of  the  adhering  ligroin  by  evaporation. 

Noerdinger^  has  shown  that  linseed  oil  varnish  will  liberate 
iodine  from  potassium  iodide  and  has  ascribed  this  liberation  to 
the  presence  of  hydrogen  peroxide.  We  have  found  that  our 
oxidation  product  also,  when  in  acetic  acid  solution,  will  liberate 
more  iodine  than  is  liberated  from  a  blank  test.  The  question 
arises  whether  or  npt  this  liberation  of  iodine  from  potassium 
iodide  is  due  to  hydrogen  peroxide.  This  we  must  answer  in 
the  negative,  for  we  have  been  unable  to  obtain  any  test  for  hydro- 
gen peroxide,  either  with  chromic  acid  or  titanic  acid.  The  libera- 
tion of  the  iodine  is  due  to  the  presence  of  an  organic  peroxide. 

In  conclusion,  it  should  be  pointed  out  that  the  question  of  the 
solubility  of  the  oxidation  product  (apart  from  its  solubility  in 
glacial  acetic  acid)  was  doubtless  more  or  less  affected  by  the 
presence  of  the  lead  and  manganese  of  the  drier. 

1  Analyst^  ay,  139  (190^). 

*  Bzcept  in  the  case  of  B^  as  hai  already  been  noted. 

*  Pharm.  Centrbl.^  35,  730  (1894). 


[From  tbb  X#aboilatory  of  thk  Conkbcticut  AG&icui,Tn&AL  Bzpxiti- 

MBNT  Station.] 

THE  PRECIPITATION  Ll/IITS  WITH  AMMONIUil  SUL- 
PHATE OF  SOME  VEQETABLE  PROTEINS. 

Bt  Thomas  B.  Osboui x  and  Isaac  P.  Haulis. 

Reccivtd  Jbm  97, 1903. 

HoPM  BISTER  and  his  students,  who  employed  ammonium  sul- 
phate with  much  success  in  separating  different  proteins  from  one 
another,  found  that  tmder  suitable  conditions  the  individual  pro- 
teins are  precipitated  within  quite  narrow  limits  when  this  salt  is 
added  to  their  solutions  up  to  certain  degrees  of  saturation,  which 
to  a  certain  extent  are  characteristic  for  each  protein.  We  have, 
therefore,  applied  this  process  to  a  number  of  the  purer  prepara- 
tioas  of  proteins  which  we  had  at  our  disposal. 

A  quantity  of  the  protein  was  dissolved  in  one-tenth  saturated 
ammonium  sulphate  solution,  the  solution  filtered  clear,  and  2  cc 
mixed  with  enough  one-tenth  saturated  sulphate  solution  to  make 
a  final  volume  of  10  cc.  with  the  saturated  sulphate  solution  to  be 
afterwards  added.  Successively  greater  quantities  of  the  saturated 
solution  were  used  and  the  points  noted  at  which  the  solution  first 
became  i>ermanently  turbid,  as  well  as  that  at  which  all  the  pro- 
tein was  precipitated,  as  shown  by  saturating  the  filtered  solution 
with  ammonium  sulphate,  and  observing  whether  or  not  a. precipi- 
tate or  turbidity  was  produced.  In  many  cases  the  filtrates  con- 
tained minute  quantities  of  something  which  was  not  precipitated 
with  the  bulk  of  the  protein  under  examination,  but  could  be  after- 
wards precipitated  frcm  the  filtrate  by  saturating  with  ammonium 
sulphate.  In  these  cr.ses  we  noted  the  point  at  which  all  but  this 
trace  was  precipitated  and  also  the  point  at  which  the  solution 
finally  became  entirely  clear.  Whether  this  trace  of  substance, 
which  is  so  much  more  difficult  to  precipitate  than  the  bulk  of  the 
preparation,  was  a  trace  of  contaminating  proteose  or  some  com- 
pound of  the  protein  with  some  other  substance  or  an  alteration 
product  produced  by  drying  or  in  some  other  way  during  prepara- 
tion, cannot  now  be  told.  However,  in  no  case  was  more  than  an 
insignificant  trace  present  and  no  serious  contamination  of  the 
preparation  is  indicated  by  its  presence.  The  "limits"  here  given 
are  that  at  which  the  solution  became  turbid  immediately  after 
adding  the  saturated  sulphate  solution  and  that  at  which  the  protein 
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was  first  completely  precipitated.  •  Where  a  considerable  further 
addition  of  sulphate  .was  necessary  to  separate  the  final  last  trace, 
the  point  at  which  precipitation  was  practically  complete  is  also 
g^ven. 

To  determine  the  eifect  of  concentration  of  the  protein  solution 
on  the  results  of  this  determination,  we  tried  the  following  experi- 
ments with  neutral  edestin. 

Conceutration  of 

edestin  lolulioii.  I«ower  limit.  Upper  limit. 

Percent.  cc.  .  cc. 

9.0  3.0  4.2 

4-5  31  4.2 

2.7  .3.0  4.2 

When  4.5  per  cent,  of  edestin  was  dissolved  in  10  per  cent. 
sodium  chloride,  the  precipitation  limits  were  lower,  namely,  1.8 
cc.  and  3  cc.  Edestin  monochloride  and  edestin  sulphate  had 
essentially  the  same  limits  as  the  free  edestin,  although  the  lower 
limit  for  the  sulphate  was  found  to  be  a  little  below  that  of  the 
-others. 

Lower  limit    Upper  limit, 
cc.  cc. 

2' 37  per  cent,  of  edestin  monochloride 3.0  3.9 

4.0     •*      **      **      **        sulphate 2.5  4.2 

The  crystalline  globulins  of  the  squash-seed,  flaxseed  and 
castor  bean  are  so  nearly  like  that  of  the  hemp-seed  that  until  re- 
cently they  have  been  regarded  as  the  same  protein.  That  this 
similarity  extends  to  their  relations  toward  ammonium  sulphate 
is  shown  by  the  following  figures : 

Protein.     I«ower  limit.    Upper  limit. 
Per  cent.  cc.  cc. 

Edestin  hemp-seed 2.7  3.0  4.2 

Globulin  flaxseed 3.4  3.1  4.7 

Globulin  squash-seed 3.6  3.3  4.4 

Globulin  castor  bean 3.  r  4.5 

The  glpbulin  of  the  cottonseed,  which  we  now  recognize  as 
another  protein  than  edestin  from  the  hemp-seed,  has  different 
precipitation  limits  from  edestin,  namely,  for  a  solution  containing 
2.5  per  cent,  of  globulin,  a  lower  limit  of  4.6  cc,  and  an  upper  one 
of  6.4  cc.  In  this  we  have  another  distinction  between  the  cotton- 
seed globulin  and  edestin.  The  globulin  of  the  filbert  (Corylus 
tubulosa)  and  that  of  the  English  walnut  (Juglans  regia)  were 
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described  by  Osborne  and  Campbell*  under  the  name  of  corylin, 
since  a  careful  comparison  of  the  reactions  and  analysis  of  a 
number  of  different  preparations  showed  no  difference  between 
Aem.  We  have  recently  found*  that  the  g^lobulin  of  the  filbert 
yidds  a  little  more  ammonia,  when  decomposed  with  hydrochloric 
add,  than  does  the  globulin  of  the  English  walnut,  and  we  must 
therefore  consider  them  to  be  distinctly  different  substances.  This 
conclusion  is  supported  by  our  determinations  of  the  precipitation 
Kniits. 

A  solution  containing  3.4  per  cent,  of  the  globulin  from  the 
filbert  became  turbid  with  3.7  cc,  was  almost  wholly  precipitated 
with  5.3  cc.,  and  completely  with  6.6  cc.    Under  the  same  condi- 
tions a  solution  containing  2.75  per  cent,  of  globulin  from  the 
English  walnut  became  turbid  with  2.8  cc,  was  almost  wholly 
precipitated  by  4.6  cc.  and  completely  precipitated  with  6.6  cc. 
That  the  last  traces  were  precipitated,  after  nearly  all  of  the 
globulin  had  been  thrown  out  of  solution,  only  by  adding  a  consid- 
erably greater  quantity  of  sulphate,  indicates  a  slight  contamination 
of  the  preparation  with  some  other  protein,  possibly  a  traceof  adher- 
ing proteose,  possibly  an  alteration  product  of  the  globulin  formed 
during  dr)ring  or  otherwise.    However  this  may  be,  the  amount 
was  too  small  to  be  of  serious  consequence.    The  globulin  of  the 
American  black  walnut  showed  exactly  the  same  behavior  toward 
ammonium  sulphate  as  that  of  the  English  walnut. 

It  is  hence  evident  that  the  globulin  of  the  English  walnut  is  a 
different  substance  from  that  of  the  filbert  and  the  name  corylin 
should  therefore  be  applied  only  to  the  latter. 

Excelsin  irom  the  brazil  nut  and  amandin  from  the  almond 
have  nearly  the  same  precipitation  limits  although,  otherwise, 
they  are  distinctly  different  substances.  The  lower  limit  for  ex- 
celsin was  found  to  be  3.8  cc,  the  upper  5.5  cc,  while  for 
amandin  the  lower  limit  was  3.5  cc  and  the  upper  limit  5.3  cc. 
Preparations  of  legumin  from  different  seeds,  which  have  as 
yet  appeared  to  be  in  all  respects  alike,  showed  the  same  precipita- 
tion limits  with  ammonium  sulphate. 

I«ower  limit.  Upper  limit, 

cc.  cc. 

1.8  per  cent,  legumin,  vetch ,.     5.2  7.3 

5.7  per  cent,  legumin,  horse  bean 5.4  7.5 

7jS  per  cent,  legumin,  lentil 5.5  7.4 

>  Tliia  Joomal,  18,609(1896);  also  Report  of  the  Conn.  Agr.  Bzpt.  Station  for  189s,- 

*  TUa  Journal,  »B,  413  (1903). 
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Nearly  all  the  legumin  was  precipitated  in  each  case  by  6.5  cc, 
that  remaining  in  solution  with  more  than  this  quantity  being  very 
little. 

The  globulin  of  the  castor  bean  is  partly  precipitated  from  its 
concentrated  solutions  in  10  per  cent,  sodium  chloride  by  satu- 
rating its  solution  with  this  salt.  The  precipitate  thus  produced, 
when  redissolved  in  dilute  brine,  is  again  partly  thrown  out  by 
saturating  with  sodium  chloride,  and  as  often  as  this  process  is 
repeated  a  considerable  part  of  the  globulin  remains  dissolved  in 
the  saturated  salt  solution.  From  this  it  seems  more  probable  that 
the  globulin  has  a  limited  solubility  in  saturated  sodium  chloride 
solution,  which  is  much  less  than  that  in  a  10  per  cent,  brine,  than 
that  two  different  globulins  exist  in  the  seed.  The  precipitation 
limits  with  ammonium  sulphate  also  indicate  that  this  is  the  case, 
as  the  following  experiment  shows.  A  quantity  of  this  globulin, 
obtained  by  dialyzing  a  sodium  chloride  extract  of  castor  beans, 
was  dissolved  in  a  moderate  quantity  of  10  per  cent,  brine,  and 
the  solution  saturated  with  sodium  chloride.  The  large  precipitate 
wa3  filtered  out,  again  dissolved  in  brine,  and  the  solution  saturated 
with  sodium  chloride.  The  second  precipitate  appeared  to  be  less 
than  the  first.  The  solution  and  precipitate  were  again  repeated, 
when  the  final  precipitate  was  dissolved  in  brine,  and  this  solution, 
as  well  as  the  three  filtrates  from  the  precipitates  produced  by 
saturation,  were  dialyzed  till  free  from- sodium  chloride.  The 
substance'separated  from  all  four  solutions  as  a  mixture  of  crystals 
and  spheroids,  which  were  washed  with  water  and  dehydrated 
with  absolute  alcohol.  After  drying  over  sulphuric  acid,  the  differ- 
ent preparations  weighed  as  follows : 

No.  I.  8.67  grams.  This  was  the  final  precipitate  produced  by 
saturating  with  sodium  chloride. 

No.  2.  6.2  grams.  The  globulin  remaining  in  solution  after  pre- 
cipitating No.  I. 

No.  3.  13  grams.  The  globulin  remaining  in  solution  after 
the  second  precipitation. 

No.  4.  12.8  grams.  The  globulin  remaining  in  solution  after 
the  first  precipitation. 

Since  the  substance  yielding  i,  2  and  3  was  precipitated  by  the 
first  saturation  with  sodium  chloride  and  two-thirds  of  this  re- 
mained in  solution  after  saturating  the  second  and  third  time,  it  is 
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evident  that  precipitation  is  simply  due  to  a  limited  solubility  of  this 
globalin  in  saturated  salt  solution.    The  smaller  weight  of  No.  2 
is  due  to  the  smaller  volume  of  the  solution  from  which  it  was 
obtained. 
The  precipitation  limits  of  these  preparations  were  as  folows : 

tfifwer  limit.  Upper  limit, 

cc.  cc. 

No.  I 3.1  4.4 

No.  3 3.16  4.5 

No.  4 3.4  4.8 

The  slightly  higher  limits  shown  by  No.  4  differ  too  little  from 
those  of  the  others  to  warrant  the  conclusion  that  two  different 
proteins  exist  in  these  preparations. 

The  seeds  of  the  yellow  lupine  contain  a  large  amount  of  protein 
matter  which  can  be  separated  into  two  extremes  by  fractional 
precipitation,  which  differ  slightly  from  one  another  in  properties 
and  composition,  especially  in  sulphur  content,  the  more  soluble 
fraction  containing  three  times  as  much  sulphur  as  the  less  soluble. 

The  precipitation  limits  were  as  follows : 

Moet  predpiUtcd 

Lower                     between.  t"pper 

limit                  s ^ .  limit. 

cc.                  cc.                  cc.  cc. 

Cooglntin  (a)  Icfls  soluble 4.3  4.3  6.0  7.3 

Cooglntin  (^)  more  soluble 4.6  6.4  8.2  8.7 

From  these  results  it  is  evident  that  the  two  extremes  represent 
different  proteins  and  that  the  more  soluble  one  is  precipitated 
at  a  much  higher  saturation  than  the  less  soluble  one.  It  also 
appears  that  the  separation  of  these  two  proteins  from  one  another 
in  the  case  of  the  preparations  here  tested,  was  not  entirely  com- 
plete. 

The  globulin  from  the  blue  lupine  showed  nearly  the  same  be- 
havior as  the  less  soluble  globulin  of  the  yellow  lupine,  the  lower 
limit  being  44  cc,  while  with  6  cc.  nearly  all  was  precipitated. 

Phaseolin  is  more  soluble  in  strong  solutions  of  ammonium  sul- 
phate than  any  protein  we  have  yet  examined.  The  lower  limit 
was  found  with  6.4  cc.  With  8.2  cc,  which  was  all  that  could 
be  added,  under  the  conditions  of  the  test  as  applied  to  the'  other 
^obulins,  there  was  still  considerable  protein  in  solution.  When 
I  cc  of  the  phaseolin  solution  was  mixed  with  9  cc.  of  the  satu- 
rated ^solution  all  was  precipitated.  The  upper  limit  appears  to 
be,  therefore,  a  little  below  9  cc    The  following  table  contains  the 
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results  of  these  determinations,  arranged  in  the  order  of  the 
solubility  of  each  protein  substance  in  ammonium  sulphate  solu- 
tion. 

IfOwer  limit.  Moat  predpiuted.  Upper  limit. 

Protein.                                                  oc.             oc.  oc.  oc. 

Globulin;  English  walnut 2.8           3.8  4.6  6.6 

Globulin,  black  walnut 2.8           2.8  4.6  6.6 

Edestin 5.0           3.0  4.0  4-3 

Bdestin  monochloride 5.0          3.0  3.9  3.9 

Globulin  flaxseed 3.1           3.3  4-6  4*7 

Globulin  castor  bean 3.x           3.3  4.3  4.5 

Globulin  squash-seed 3.3           3.5  41*  4-4 

Amandin. 35           3-5  5-o  5-3 

Corylin  3.7           3-7  5-3  6.6 

Excelsin 3.8           4*0  S-o  5-5 

Conglutin  (a) 4-2           4-3  6.0  7.3 

Conglutin  (^) 46           6.4  8.2  8.7 

Globulin  cottonseed 46           5-o  6.0  6.4 

Legumiu 54           55  6.5  75 

Phaseolin 6.4           6.5  8.2  8.8 


[Pkom  thb  Laboratory  op  the  Connbcticut  AcRicutTURAi,  Expbrx- 

MBNT  Station.] 

THB  SPECIFIC  ROTATION  OF  SOHB  VEQETABLB 
PROTEINS. 

Bt  Tbomas  B.  OSBoaxfB  axtd  Isaac  P.  HAaais. 

Raodved  June  ay,  1903. 

The  specific  rotation  of  very  few  of  the  vegetable  proteins  has 
been  determined,  the  only  observations,  so  far  as  we  know,  being 
those  of  Kjeldahl^  on  zein  and  gliadin,  Alexander*  on  edestin,  ex- 
celsin and  the  globulin  of  the  flaxseed,  and  Chittenden  and  Men- 
del* on  edestin.  Having  had  an  opportunity  to  make  some  obser- 
vations on  the  proteins  above  named,  as  well  as  on  a  few  others,  wc 
take  this  occasion  to  put  then  on  record. 

The  determina.tions  were  made  with  a  Schmidt  and  Haensch 
half-shade  polariscope,  provided  with  a  sugar  scale.  The  readings 
were  calculated  to  degrees  of  circular  polarization  by  multiplying 
the  degrees  observed  on  the  sugar  scale  by  0.346.    The  results 

1  Kjeldahl :  AgricuHur.  Ckem.  Cenirdi.,  ag,  197  (1896). 

*  Alexander  :  Jour.  Expi.  Med.,  1,  No.  2  (1896). 

•  Chittenden  snd  Mendel  \J&ur,  Pkysiol  ^  17,  40  (1894). 
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given  were  in  all  cases  the  average  of  a  large  number  of  obser- 
Tations,  which  in  most  cases  agreed  closely.  The  solutions  of 
some  of  the  proteins,  although  uncommonly  clear  and  very  nearly 
free  from  opalescence,  were  so  opaque  in  long  layers  that  satis* 
fKtory  readings  could  be  made  only  in  comparatively  dilute  solu- 
tions and  therefore  the  accuracy  of  these  determinations  was  to  a 
greater  or  less  extent-impaired. 

The  amount  of  dissolved  protein  was  found  by  determining 
nitrogen  in  the  contents  of  the  polariscope  tube,  the  capacity  of 
which  was  accurately  known.  The  amount  of  protein  was  ob- 
tamed  by  multiplying  the  quantity  of  nitrogen  found  by  a  factor 
depending  on  the  nitrogen  content  of  the  protein  examined. 

EDESTIN. 

The  preparation  used  had  been  repeatedly  recrystallized  and 
was  perfectly  neutral  to  phenolphthalein.    A  solution  in  10  per 
cent,  sodium  chloride  'brine  was  filtered  clear  through  a  felt  of 
paper  pulp  and  examined  with  the  following  results : 
L    flf  =  observed  rotation  —2.7*. 

w  =  weight  of  protein  per  cubic  centimeter  0.03385  gr. 
/  =  length  of  tube  2  dm. 

(a)^  =  -40^ 

II.         or  =  —  2.07®      w  =  0.0247  gram    /  =  2  dm. 
(a)S^  ==-41.90. 

III.  flr=  —  5.05®      nr  =  0.06095  gram    7^=2  dm. 

(a)r  =  -4l.43^ 

IV.  €r  =  —  2.53®      w  =  0.0610  gram    / ^  i  dm. 

(a)r  =  — 41.47^ 
Another  pure  prqxuration  of  edestin  gave  the  following  results: 

V.         a  =  —  1.73^      a?  =  0.0415  gram    /=idm. 

(«)S^  =  -4I.7^ 
The  average  of  these  results,  — ^41.3°,  agrees  closely  with  that 
obtained  by  Alexander,  namely, — ^41.6^,  and  does  not  differ  greatly 
feom  that  given  by  Chittenden  and  Mendel,  — 43*.  There  is  no 
evidence  that  the  degree  of  rotation  is  dependent  on  the  concentra- 
tion of  the  solution. 

EXCCLSIN. 

The  preparation  of  excelsin  which  we  used  was  extracted  irom 
die  brazil  nut  by  sodium  chloride  brine  and  purified  by  recrystal- 
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Hzation.  Although  the  solution  in  lo  per  cent,  sodium  chloride 
brine  used  for  polariscopic  examination  was  almost  free  from 
every  trace  of  opalescence,  nevertheless,  it  was  difficult  to  get 
satisfactory  readings  in  strong  solutions.  Our  results  were  as 
follows : 

I.  a  =  — 3.38*^    a/=o.0396  gram    /=2dm. 

(a)^=:— 42.68^. 
il.  a  =  —3.95**    w  =  0.0463  gram    /=  2  dm. 

(a)S»  =  . -42.66^. 
III.  a  =  — 2.00**     21^  =  0.0460  gram    /=  i  dm. 

-43.48^ 

The  average  of  our  figures,  — ^42.94**,  is  considably  higher  than 
that  of  Alexander,  — ^40.3**,  but,  as  he  appears  to  have  been  unable 
to  get  such  clear  solutions  as  we  did  and  had  great  difficulty  in 
making  his  readings,  it  is  probable  that  our  results  are  the  more 
correct. 

FLAXSEED  GLOBULIN. 

The  carefully  purified  preparation  of  this  globulin  consisted  of 
well-formed  octahedral  crystals,  the  solution  of  which,  in  10  per 
cent,  sodium  chloride  brine,  when  filtered,  was  so  transparent  that 
accurate  readings  were  easily  made. 

I.  Of  =—3.63®     a/ =  0.0415  gram     /=2dm. 

(a)r  =  -43.73^ 
II.  a=  —1.79°    w-=  0.0413  gram    /=  i  dm. 

(«)?"  = -43.34^ 
The  average  of  these  determinations,  — ^43.53**,  is  much  higher 
than  that  found  by  Alexander,  who  gives  — 38.7°  as  the  mean  of 
six  observations  on  different  solutions.  This  difference  may  be 
due  to  the  much  greater  concentration  of  our  solutions,  as  Alex- 
ander's results  strongly  indicate  a  considerable  decrease  in  the 
specific  rotation  with  decreasing  percentage  content  of  the  solution 
in  protein. 

SQUASH-SEED  GLOBULIN. 

The  squash-seed  globulin  was  purified  by  repeatedly  recrystal- 
lizing  and  found  to  have  the  following  rotation  when  dissolved  in 
10  per  cent,  sodium  chloride  solution : 
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L             a  =  —4.70®     w  =  0.0598  gram  /  =  2  dm. 

(a)jr=~39.3^ 

II.             a  =  —4.12®     zc' =  0.0534  gram  /=2dm. 

(«)?  = -38.57". 

ni,             a  =  —2.05®     w  =  0.0535  gram  /=  i  dm. 
(flr)r  =  -38.32^ 

If  we  compare  the  average  of  these  figures  with  those  of  the 
flaxseed  globulin  and  of  edestin,  which  were  obtained  with  solu- 
tions of  approximately  the  same  strength,  we  find  them  as  follows : 

(«)r. 

Bdestin 41.30^ 

Flaxseed  globalin 43-54^ 

Squash-seed  globulin 38.73^ 

These  three  globulins  appear  therefore  to  differ  in  rotatory 
power  to  such  a  degree  that  the  differences  cannot  be  attributed  to 
experimental  errors.  Although  alike  in  composition,  reactions, 
sdubility  and  crystalline  form,  we  have  recently  shown*  that  these 
globulins  yield  such  different  proportions  of  the  several  classes 
of  nitrogenous  decomposition  products  that  there  can  be  no  ques- 
tion but  that  they  are  different  substances.  To  these  differences 
must  now  be  added  those  in  specific  rotatory  power. 

AMANDIN. 

Amandin,  the  chief  protein  constituent  of  almonds  and  peach- 
seeds,  when  dissolved  in  10  per  cent,  sodium  chloride  solution,  was 
found  to  have  the  following  specific  rotation : 

€r  =  — 2.98®    zc' =  0.0264  gram    /=2dm. 

(«)r= -56.44'. 

CORYUN. 

Corylin  is  a  globulin  which  is  abundantly  present  in  the  hazel 
mit  or  filbert.  Dissolved  in  10  per  cent,  sodium  chloride  solution 
it  showed  the  following  rotatory  power : 

I.  a  =  —2.87®    w  =  0.0332  gram    /  =  2  dm. 

(«)r  =  -43.22^ 

II.  a  =  — 1.40**     w  =  0.0326  gram    /  =  i  dm. 

(a)-»  =  -42.950. 

>  Oabome  and  Harris :  This  Joumal,  sg,  323  (1903). 
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THE  GLOBULIN  OP  THE  ENGLISH  WALNUT. 

The  English  walnut  contains  a  globulin  which  so  closely  resem- 
bles corylin  in  its  properties  and  composition  that  the  writer^  was 
led  to  regard  it  as  probably  identical  with  that  substance.  We 
have  since  found  that  it  yields,  on  decomposition,  a  slightly,  but 
distinctly,  smaller  amount  of  ammonia  than  does  corylin  and  that 
a  difference  between  the  two  is  shown  by  the  precipitation  limits 
with  ammonium  sulphate.  In  harmony  with  this,  we  find  a  slight 
difference  in  the  specific  rotation  of  their  solutions  in  10  per  cent, 
sodium  chloride  brine,  as  the  following  figures  show : 

I.  a  =  —1.57®    w  =  0.0357  gram    /=  i  dm. 

II.  a  =  —2.06*     w  =  0.0227  gram    /  =  2  dm. 

(a)S^  = -.45.370. 

III.  a  =  —  1 .05®    w  =  0.0227  gram    /  =  i  dm. 

(a)r=-46.25^ 

The  considerable  differences  between  the  above  observations 
are  chiefly  due  to  the  opacity  of  the  solutions  which,  though  filtered 
very  clear,  were,  in  a  remarkable  degree,  impervious  to  light. 

The  specific  rotation  of  the  globulin  of  the  English  walnut  is 
distinctly  higher  than  that  of  the  filbert,  thereby  showing  another 
difference  between  these  two  very  similar  proteins. 

THE  GLOBULIN  OP  THE  AMERICAN  BLACK  WALNUT. 

The  American  black  walnut  is  closely  related  to  the  English 
walnut  and  we  have  therefore  made  a  dose  comparison  of  the 
globulins  from  these  two  nuts,  but  have  discerned  no  notaUe  dif- 
ference between  them.  As  the  following  figures  show,  the  specific 
rotation  of  the  globulin  from  American  nut  is  practically  the  same 
as  that  of  the  one  from  English,  the  difference  between  the  figures 
given  being  doubtless  due  to  errors  of  observation  caused  by  the 
opacity  of  the  solutions.  Dissolved  in  10  per  cent,  sodium  chlo- 
ride solution,  the  following  results  were  obtained : 

I.  a  =  —1.22®    0^  =  0.0272  gram    /=  i  dm. 

(«)r  = -44.85". 
II.  a  =  — 1.20**     w  =  0.0273  gram    /=  i  dm. 

(af)S-  = -44.0.0. 

>  Osborne  and  Campbell :  This  Jounuil,  i8, 609. 
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PHASEOUN. 

Phaseolin,  which  constitutes  the  g^reater  part  of  the  protein 
matter  of  the  kidney  bean  (Phaseolus  vulgaris),  was  found  to 
have  the  following  rotation  when  a  crystallized  preparation  was 
dissolved  in  10  per  cent,  sodium  chloride  solution : 

I.  a  =:  —7.42^    w  =  0.0900  gram    /=  2  dm. 

(a)r  =  — 4i.22^. 
II.  a  =  — 3.75      «f  =  0.0900  gram    /=  i  dm. 

(a)r  =  -4I.7^ 

LEGUMIN. 

A  solution  of  a  very  pure  preparation  of  legumin  from  the  horse 
bean  (vicia  faba)  was  made  with  10  per  cent,  of  sodium  chloride 
and  found  to  have  the  following  specific  rotation : 

I.  a  =  — 2.2^      w  =  0.0494  gram    /  =  i  dm. 

(a)S-  = -44.530. 

n.  ir  =  — 1.27^    »r=:  0.0291  gram    /=sidm. 

(a)r  =  -43.64^ 
ZEIN. 

The  principal  protein  of  maize  kernels  is  zein,  which  is  soluble 
m  strong  alcohol.  A  solution  of  zein  in  alcohol  of  90  per  cent,  by 
vohune  rotated  as  follows : 

I.  a  =  —3.03**    w  =  0.0536  gram    /=  2  dm. 

(a)S^=:— 28.26^ 
n.  a  =  — 1.45®    w  =  0.0523  gram    /=  i  dm. 

(a)r  =  -27.72^ 

GLIADIN. 

Gliadin,  which  forms  about  one-half  of  the  protein  of  wheat 
gluten,  when  disserved  in  alcohd,  of  80  per  cent,  by  volume, 
showed  the  following  specific  rotation : 

L  a  =  — 5.66®    w  =  0.0308  gram    /  =  2  dm. 

(a)r  =  -9i.9^ 
II.  a  =  —2.86®    w  =  0.0309  gram    /  =  i  dm. 

(«)?•  = -92.55^ 
The  fcdlowing  table  contains  the  specific  rotation  as  determined 
for  each  of  the  preceding  proteins : 
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Protein. 

Sonroe. 

(«)r. 

Bdestin 

Hemp-seed 

-41.3*' 

Globulin 

Flaxseed 

-43.53° 

Globulin 

Squash-seed 

-38.73* 

Bxceltin 

Brazil  nut 

-42.94* 

Amandin 

Almonds 

Corylin 

Filbert 

-43.09* 

Globulin 

English  walnut 

— 4S.2I* 

Globulin 

Black  walnut 

— 4443* 

Phaaeolin 

Kidney  bean 

-41.46* 

htgamin 

Horse  bean 

-44.09* 

Zein 

Maize 

— 28.00* 

Gliadin 

Wheat 

-^2.28* 

[Prom  thb  Laboratory  op  the  Connecticut  Agriculturai,  Bzpbri- 

MBNT  Station.] 

THB  GLOBULIN  OP  THB  ENGLISH  WALNUT^  THE  AMER- 
ICAN BLACK  WALNUT  AND  THB  BUTTERNUT. 

Bt  Tbomas  B.  Osbornb  and  Isaac  P.  HAaazs. 
RecdTtd  JuM  17. 190$. 

Proteins^  whose  chemical  identity  is  probable,  have  thus  far 
been  found  only  in  seeds  which  are  botanically  closely  related  to 
each  other. 

Thus  the  chemical  identity  of  gliadin  from  wheat  or  rye,  of 
legumin  from  vetches,  horse  beans,  lentils  or  peas,  of  vicilin  from 
the  three  latter  seeds,  of  phaseolin  from  the  kidney  or  adzuki  beans 
and  of  legumelin  from  the  seeds  of  numerous  legumes  appears  to 
be  highly  probable. 

Thie  strict  chemical  identity  of  carbon  compounds  of  such  high 
molecular  weight  can,  of  course,  not  be  positively  asserted,  since 
the  possibility  of  isomeric  or  homolc^ous  compounds  of  very  simi- 
lar properties  is  great.  However,  a  rigid  comparison  of  these 
supposedly  identical  proteins  has  as  yet  shown  no  difference 
whatever  between  them.  Some  proteins,  which  we  had  formerly 
regarded  as  identical,  have  recently  been  found  to  differ  in  the 
proportions  of  their  various  decomposition  products,  and  it  is  cer- 
tain that  their  molecules  have  a  different  structure.  All  these 
proteins  were  found  in  seeds  which  were  not  botanically  closely 
related  and  should  therefore,  by  analogy,  not  contain  the  same 
proteins.    So  marked  is  this  difference  in  the  protein  constituents 
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of  the  different  seeds  that  the  question  may  be  asked :  Is  not  this 
dicmical  difference  in  the  food  of  the  growing  embryo  an  impor- 
tant factor  in  determining  the' nature  of  the  developing  organism? 

NW  that  wide  differences  in  the  structure  of  the  molecules  of 
the  different  proteins  are  more  fully  recognized,  it  seems  probable 
that  the  course  of  the  chemical  reactions,  leading  to  the  develop- 
ment of  the  growing  embryo,  will  be  largely  influenced  by  the 
nature  of  the  protein  food  presented  to  it  at  the  beginning  of  its 
existence.  Whether  similar  differences  in  the  protein  food  of  the 
animal  embryo  exists  is  not  so  definitely  determined,  but  the  few 
facts  on  record  point  strongly  that  way,  for  Panormoff's  investi- 
gations indicate  that  hen's,  dove's  and  crow's  eggs  contain  dis- 
tinctly different  albumins. 

The  closest  resemblance  between  proteins  from  unrelated  seeds 
which  we  have  as  yet  encountered  is  presented  Ify  cor>'lin  from 
the  filbert  (corylus)  and  the  globulin  from  the  English  walnut 
(Ju^hvis  regia),  the  only  difference,  as  yet  discovered,  being  a 
slip:htly  smaller  yield  of  ammonia  by  the  latter,  when  decomposed 
with  hydrochloric  acid,  and  a  slight  difference  in  the  precipitation 
limits  with  ammonium  sulphate. 

In  order  to  see  if  the  same  relations  would  be  shown  by  the 
globulins  from  the  botanically,.  closely  related  American  black 
walnuts  and  butternuts  (Juglans  nigra  and  /.  cinera)  we  have 
examined  these  nuts  with  the  following  results. 

THE  GLOBULIN  OF  THE  BLACK  WALNUT  (JuglOHS  fligra). 

The  nuts  were  freed  from  their  shells,  crushed,  the  greater  part 
of  the  oil  pressed  out  and  the  remainder  extracted  with  ether. 
The  residual  meal  was  then  extracted  with  10  per  cent,  sodium 
chloride  solution,  the  extract  filtered  clear  and  dialyzed.  The 
globulin  was  deposited  in  spheroids  which  were  filtered  out, 
washed  thoroughly  with  water  and  then  with  alcohol,  and  dried 
ow  sulphuric  acid.  Dried  at  no®,  this  preparation  had  the 
following  composition : 

Black  Walnxtt  Globulin,  Prbparation  i. 

Carbon 50-95 

Hydrogen 7.10 

Nitrogen  .  .'• •   18.84 

Sulphur 0.78 

Oxygen 22.33 

100.00 
A«h 0.38 
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This  preparation  was  then  dissolved  in  10  per  cent,  sodium 
chloride  solution,  a  large  quantity  of  the  insoluble  form  of  the 
globulin  filtered  out  and  the  clear  solution  dialyzed  for  several 
days.  The  globulin,  which  again  precipitated  in  spheroids,  was 
filtered  out,  washed  with  water  and  with  alcohol  and  dried  over 
sulphuric  acid.  The  32  grams  thus  secured,  which  formed  about 
one-half  of  the  original  material,  had,  as  the  following  figures 
show,  essentially  the  same  composition,  when  dried  at  no**,  as 
the  preparation  from  which  it  was  derived. 

Black  Wax^nut  Gu>bulin,  Preparation  2. 

I.  II. 

Carbon 51.06  51.07 

Hydrogen 6.87  6.84 

Nitrogen 18.96  18.96 

Sulphur 0.77  

Oxygen 22.34  

100.00 
Ash 0.33 

This  preparation  was  almost  wholly  soluble  in  10  per  cent, 
sodium  chloride  solution  and  showed  the  same  reactions  as  those 
given  in  an  earlier  paper  for  the  globulin  of  the  English  walnut.* 
A  solution  containing  about  5  per  cent,  of  the  globulin  and  10  per 
cent,  of  the  sodium  chloride  remained  clear  until  heated  to  99**, 
when  it  became  turbid  and,  after  continued  heating,  yielded  a 
considerable  coagulum.  Solutions  of  the  globulin  from  the  Eng- 
lish walnut  yielded  a  trace  of  coagulum  at  lower  temperatures^ 
which  was  unquestionably  due  to  a  trace  of  another  protein, 
adhering  to  the  preparation  in  minute  quantity.  Saturation  of 
the  solution  with  sodium  chloride  gave  a  very  slight  precipitate 
and  with  magnesium  sulphate  a  very  considerable  one,  in  this  re- 
spect exactly  resembling  the  globulin  of  the  English  walnut.  The 
other  reactions  were  also,  in  all  respects,  the  same. 

When  decomposed  by  boiling  with  strong  hydrochloric  acid, 
the  proportion  of  nitrogen  in  the  different  forms  of  binding  were 
as  follows : 

N  in  MgO 
NasNHs.  Basic  N.  Non-bMic  N.         precipiute.  Totol. 

1. 71  5-6i  11-45  019  i8-9^ 

1.86  5.85  10.92  0.33  .... 

1.83  5.85  11.04  0.24  .... 

The  specific  rotation  of  this  globulin  was  determined  as  follows : 

1  This  Journal,  i8,  609  (189b). 
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percc  OlMcrycd         X^engthof  /XaS?.! 

aoWent.  Grain.  roUtlon.  tube.  \"JD  — 

10  %  NaCl  0.0272  i.22<^  I  dm.  — 44«B5® 
0.0273            i.x)*            I  dm.  — 44.0* 

The  precipitation  limits  with  ammonium  sulphate  were  deter- 
mined by  making  a  2.y  per  cent,  solution  of  the  globulin  in  one- 
tenth  saturated  ammonium  sulphate  solution  and  then  adding  dif- 
ferent quantities  of  a  saturated  solution  of  ammonium  sulphate 
to  2  cc  of  the  globulin  solution  previously  diluted  with  enough 
one-tenth  satiu^ted  to  make  a 'final  voltune  of  10  cc. 

The  mixture  became  turbid  when  the  amount  of  sulphate  was 
equal  to  that  in  2.8  cc.of  a  saturated  solution.  When  sulphate  equal 
to  4.6  cc.  was  added,  only  a  very  minute  quantity  of  protein  re- 
mained unprecipitated,  which  was  doubtless  a  trace  of  some  other 
adherent  protein.  With  less  than  4.6  cc.  the  amount  in  solution 
was  greater.  The  precipitation  limits  are  therefore  2.8  cc.  and 
4.6  cc 

THE  GLOBUUN  OF  BUTTER  NUT  {Juglatis  ctiterea). 
The  preparation  of  this  globulin,  which  we  examined,  was  very 
kindly  g^ven  to  us  by  Dr.  A.  L.  Dean,  of  Yale  University,  for 
/        which  we  here  wish  to  express  our  thanks.    Dr.  Dean  extracted 
^         the  crushed  meats  of  the  nut  with  petroleum  ether  and  exhausted 
die  residual  meal  with  10  per  cent,  sodium  chloride  solution.    The 
dear,  fihered  extract  was  dialyzed  in  running  water  for  seven 
days  when  the  globulin,  which  separated  in  spheroids,  was  filtered 
out  and  washed  witn  water,  with  alcohol  and  with  ether.    As  the 
quantity  of  the  globulin  was  not  sufiicient  for  further  purification 
by  repredpitation,  it  was  examined  in  the  condition  in  which  it 
was  received. 

Dried  at  no*"  it  had  the  following  composition : 

BUTTBR-NUT  GLOBUUN,  PrBPABATION  I. 

Carbon 50.85  50.01 

Hydrogen 6.79  6.88 

Nitrogen x8.6a  18.59 

Salphnr 0.80  •  •  •  • 

Oxygen  23*94  •  •  •  • 

100.00 

A«h 3-54  3.^7 

This  preparation  i^as  almost  completely  soluble  in  10  per  cent. 
sodium  chloride  solution  and  showed  throughout  the  same  reac- 
tions as  those  given  by  the  globulins  of  the  English  and  black 
walnut. 
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When  decomposed  by  boiling  with  strong  hydrochloric  acid, 
the  proportion  of  nitrogen  in  the  different  groups  of  nitrogenous 
decomposition  products  was  as  follows : 

NinMgO 
NftsNHt.  BuicN.  Non>bftsicN.         prediriute.  Totol. 

1.85  5.77  10.87  0-I4  18.61 

The  specific  rotation  of  this  globulin  was  found  as  follows : 

Specific 

Amount  ObMrred  Lensthof  /']°^^2?°' 

Solrent                    percc  rotation.               tube.  \**)d    — 

xo%NaCl              o.02i»              1.97®  2  dm.  —46.9* 

10 % NaCl               0.0223  0.98®  I  dm.  —439® 

The  precipitation  limits  of  a  4  per  cent,  solution  of  the  globulin, 
dissolved  in  one-tenth  saturated  ammonium  sulphate,  were  deter- 
mined in  the  same  manner  as  for  the  black  wsdnut  globulin  and 
found  to  be  3.1  cc.  and  5.5  cc,  the  amount  remaining  in  solution 
with  5.5  cc.  being  more  than  in  the  case  of  the  black  walnut,  at 
the  higher  limit,  which  was  doubtless  due  to  the  lack  of  sufficient 
purification  of  this  preparation,  and  possibly  also  to  a  difference 
in  acidity  between  the  preparations  examined. 

SUMMARY. 

In  the  following  table  the  results  of  our  examination  of  the 
globulin  from  the  seeds  of  the  three  species  of  Juglans  are  brought 
together  for  comparison  with  those  of  the  globulin  of  the  filbert, 
Corylus., 

Composition. 

y.  r<f  la.         J.  nt'gra.       J.  cinerea,         Corylus. 

Carbon 50.80  51.07  50.88  50.72 

H^rdxogen 6.84  6.86  6.84  6.86 

Nitrogen '^-S^  18.96  18.62  19.02 

Sulphur 0.80  0.77  0.80  0.83 

Oxygen 22.51  22.33  22.86  22.57 

100.00         100.00         100.00         100.00 

PBRCBNTAGB  of  NITROGBN  in  THB  GROUPS  OF  NITROGENOUS  DECOMPOSI- 
TION Products. 

NinMgO 
N  at  NHt.      Basic  N.    Noa-basic  N.  precipiute. 

J.refia 1.84  6.08  10.93  o.ii 

J, nigra 1.80  5.77  11.14  0.25 

y.  cinerea 1.83  5.77  10.87  o-  M 

Corylus 2.20  5.75  10.70  0.16 

Specific  Rotation  {a)^. 

/  refia — 45.21® 

J:  nigra —4442** 

y.  cinerea —45.40** 

Corylus —43.09® 

Precipitation  Limits  with  Ammonium  Sulphate. 

/.  re^ia 2.8  cc.        —4.6  cc. 

y.  nigra 2.8  cc.        —4.6  cc. 

y.  cinerea 3.  i  cc.        —5.5  cc. 

Corylus 3.7  cc.        —5.3  cc. 
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The  only  positive  diflfercnce  shown  by  the  preparations  from 
these  four  seeds  is  the  greater  quantity  of  N  yielded  as  ammonia 
by  the  globulin  from  the  filbert  (Corylus).  This  difference  ex- 
ceeds the  limits  of  experimental  error  by  too  great  an  amount  to 
be  overlooked  and  may  be  taken  as  evidence  that  the  globulin  of 
Corylus  differs  in  structure  frcwn  that  of  Juglans.  A  positive 
difference  between  the  corylin  and  the  globulin  from  /.  regia  and 
/.  fngra  is  also  shown  by  the  precipitation  limits  with  ammonium 
sulphate.  This  difference,  however,  is  not  very  great  and,  in 
view  of  our  ignorance  of  the  extent  to  which  these  limits  may  be 
altered  by  slight  differences  in  the  conditions  of  experimentation, 
canned  be  considered  as  conclusive  evidence,  though  it  strongly 
indicates  a  difference  between  the  globulins. 

The  precipitation  limits  of  the  globulin  from  /.  cinerea  are 
higher  than  those  found  for  /.  regia  and  /.  nigra,  but  in  view  of 
the  very  close  agreement  between  these  preparations  in  all  other 
respects  we  are  inclined  to  attribute  this  difference  to  the  greater 
purity  of  the  preparations  from  the  latter  seeds. 

In  consequence  of  these  facts,  it  seems  desi^pble  to  give  a  name 
to  the  globulin  of  Juglans,  retaining  the  designation  corylin  for  the 
globulin  of  corylus.  We  propose  therefore  to  call  the  principal 
protein  which  we  have  obtained  frcnn  the  nuts  of  the  three  species 
of  the  former  genus  Juglansin. 

The  botanical  relations  which  are  shown  by  the  proteins  of 
seeds  deserve  further  careful  study,  as  it  is  not  improbable  that 
the  natural  relations  of  some  plants  may  be  thus  discovered. 


[Prom  thb  Laboratory  op  the  Connbcticut  Agriculturai,  Bxpbri- 

MENT  Station.] 

THE  TRYPTOPHANE  REACTION  OP  VARIOUS  PR0TEIN5. 

By  Thomas  B.  Osborn b  and  Isaac  Pi  Harris. 

Received  June  97,  1903. 

As  LONG  ago  as  183 1,  Tiedemann  and  Gmelin  recognized  among 
the  decomposition  products  of  protein  bodies  a  substance  whose 
solution  was  colored  a  deep  violet-red  with  chlorine  or  bromme. 
The  nature  of  this  substance  remained  wholly  unknown  until 
Hopkins  and  Cole  recently  succeeded  in  isolating  it  in  a  state  of 
purity  and  recognizing  it  as  most  probably  indol-amino-propionic 
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acid  or  the  isomeric  skatol-amino-acetic  acid.  They  also  found 
that  this  substance  yielded  the  violet  reaction  with  acetic  and  sul- 
phuric acid,  which  has  long  been  known  as  Adamkiewic's  reaction. 
This  latter  reaction  they  further  found  was  caused  by  glyoxylic 
acid  contained  in  the  acetic  acid,  and  they  have  therefore  substi- 
tuted glyoxylic  acid  for  acetic  acid  in  applying  this  test.  This 
observation  is  of  much  importance,  as  formerly  the  Adamkiewic 
reaction  was  attributed  to  furfural  and  the  presence  of  carbohy- 
drates was  therefore  inferred  among  the  protein  decomposition 
products. 

In  the  following  table  we  give  the  results  of  the  application  of 
the  Hopkins-Cole  reagent  to  a  number  of  different  proteins,  50 
mg.  of  each  being  mixed  with  6  cc.  of  the  glyoxylic  acid  solution 
and  6  cc.  of  concentrated  sulphuric  acid  added. 

Zeid,  maize  ;  very  pale  straw  color ;  no  reaction. 

Alcohol-soluble  protein,  oat  kernel  ;  light  brownish  ;  no  violet  tint 

Bynin,  malt ;  red-brown  ;  no  violet  tint  whatever. 

Vicilin,  pea  ;  very  pale  violet ;  hardly  any  reaction. 

Phaseolin,  kidney  bean  ;  pale  violet ;  a  little  stronger  than  vicilin. 

Avenalin,  oat  kernel  ;  light  violet  color. 

Globulin,  wheat ;  light  violet  color. 

Hordein,  barley  ; 

Legumin,  vetch  ; 

Legumin,  lentil  ; 

Legumin,  horse  bean  ; 

Vignin,  cow  pea  ; 

Conglutin,  yellow  lupine ; 

Conglutin,  blue  lupine ; 

Amandin,  almond  ; 

Glycinin,  soy  bean  ; 

Gliadin,  wheat  ; 

Ovovitellin,  hen*s  egg ; 

Globulin,  sunflower ; 

Glutenin,  wheat ; 

Globulin,  castor  bean  ; 

Bdestin,  hemp  ; 

Excelsin,  Brazil  nut ; 

Corylin,  filbert ; 

Conalbumin,  egg  white  ; 

Ovalbumin,  egg  white  ; 

Globulin,  flaxseed  ; 

Globulin,  squash-seed  ; 

Globulin,  black  walnut  ; 

Globulin,  English  walnut  ; 

Leucosin,  wheat ; 


The  intensity  of  the  reaction  increased 
gradually  from  hordein  to  leucosin,  the 
'  former  giving'  a  positive    reaction,   the 
latter  a  strong  one. 
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Whether  any  of  the  above  proteins  wholly  lack  the  tryptophane 
groap  could  not  be  determined,  as  we  were  able  to  gfet  a  very 
slight  reaction  with  a  relatively  large  quantity  of  zein  by  cau- 
tiotisly  addingf  the  sulphuric  acid  up  to  one-half  the  volume  of 
the  glyoxylic  acid.  The  color  thus  produced  was,  at  the  most, 
very  slight  and  transitory.  With  the  alcohol-soluble  proteins  of 
the  oat  and  barley  malt,  the  brown  color  was  sufficient  to  obscure 
a  slight  violet  reaction,  and  the  result  of  the  test  in  these  cases  was 
DOC  conclusive. 

It  is  interesting  to  note  the  very  marked  difference  in  the  inten- 
sity of  the  reaction  with  the  proteins  at  the  two  ends  of  the  table 
and  it  is  fair  to  presume  that  the  proportion  of  tr3rptophane 
yielded  by  the  several  proteins  differs  considerably. 


[ComraiBUTioNS  prom  thb  Burbau  ov  Cbbmistry,  Dbpartmbnt  of 
Agriculturb,  No.  49.] 

DISAPPEARANCE  OF  REDUCING  SUGAR  IN  SUGARCANE. 

Bt  H.  W.  Wiuiy. 
RecvlTtd  June  11.  2903. 

The  occurrence  of  reducing  sugar  in  sugar  canes  and  sorghums 
has  important  relations  to  the  metabolism  of  the  plants.  Pre- 
sumably the  carbohydrate  which  is  finally  formed  in  the  chloro- 
phyl  cells  of  these  plants  is  some  variety  of  starch,  probably  a 
soluble  variety,  since  starch  granules,  as  such,  w6uld  find  obstruc- 
tions to  circulation  in  the  return  currents  from  the  leaves  to  the 
txxiy  of  the  plant.  During  the  early  stages  of  growth  it  has  been 
shown  by  repeated  analyses  that  the  proportion  of  reducing  sugar 
to  sucrose  in  the  juices  of  the  sugar  cane  is  very  high.  In 
Louisiana,  where  the  canes  are  harvested  necessarily  before 
growth  is  complete,  the  average  quantity  of  reducing  sugars  in 
the  juice  is  i  per  cent,  or  more.  In  the  tropics  at  the  time  of 
harvest  the  percentage  of  reducing  sugars  is  very  much  less,  usu- 
ally less  than  0.5  per  cent.  These  facts  show  beyond  doubt 
that  the  highest  relative  value  of  reducing  sugar  to  sucrose 
is  in  the  earlier  stages  of  growth  and  the  lowest  proportion  in  the 
matured  stages.  Theoretically,  then,  we  might  expect  that  at  a 
certain  period  representing  the  complete  and  perfect  maturity  of 
the  plant  the  reducing  sugar  would  disappear.     The   further 
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phencmienon,  however,  has  also  been  observed,  namely,  that  when 
the  reducing  sugar  has  been  reduced  to  a  minimum  on  approach- 
ing maturity,  any  deterioration  in  the  plant,  due  to  long  standing, 
overripeness,  injury  (from  frosts  or  otherwise),  tends  to  reverse 
the  order  observed  during  the  growing  period,  and  to  increase 
the  percentage  of  the  reducing  sugar  at  the  expense  of  the 
sucrose.  This  reversibility  of  enzymic  action  has  been  well  estab- 
lished in  the  case  of  carbohydrates.^  If  the  sugar  cane,  therefore, 
be  allowed  to  normally  g^ow  and  mature,  there  is  a  certain  time 
in  its  history,  as  above  mentioned,  where  the  proportion  of  reduc- 
ing sugar  is  at  a  minimum.  The  theory  above  outlined  receives  con- 
firmation in  some  analytical  data  secured  in  this  bureau  recently  on 
samples  of  sugar  cane  grown  in  Florida.  Four  samples  were  ob- 
tained which  were  all  harvested  at  the  same  time,  namely,  the 
middle  of  May,  1903.  The  canes  were  grown  by  VV.  H.  Abel,  on 
Terra  Ceia  Island,  Manatee  County,  Florida,  about  150  yards 
from  salt  water.  The  soil  is  sandy  to  a  depth  of  from  12  to  18 
inches,  with  a  thin  stratum  of  chocolate-colored  subsoil  resting 
on  clay,  which  carries  some  pebble  phosphate.  The  particular 
samples  under  question  were  grown  on  the  edge  of  a  field  next 
to  timber,  and  being  in  the  outside  row,  did  not  get  much  culti- 
vation and  practically  no  fertilizer.  The  samples  were  cut  seven- 
teen months  from  time  of  planting.  The  analytical  data  obtained 
from  the  four  samples  are  as  follows : 

Composition  of  the  Juice. 


Density. 
Per  cent. 

Sucrose. 
Per  cent. 

Purity. 

Glucose. 

21.0 

19.0 

90.5 

None 

20.8 

18.7 

90.0 

None 

20.4 

18.0 

88.2 

None 

21.7 

I9.S 

91.2 

None 

These  are  the  only  samples  of  sugar  cane  ever  analyzed  under 
my  supervision  which  did  not  contain  a  greater  or  less  quantity  of 
reducing  sugar.  At  the  end  of  two  minutes'  boiling  of  the  juices 
with  an  alkaline  copper  solution,  there  was  no  trace  whatever  of 
any  reduction.  On  longer  continued  boiling  and  after  allowing  to 
stand  over  night,  there  was  a  mere  trace  of  reddish  precipitate,  due 
doubtless  to  the  inversion  of  a  part  of  the  sucrose.  A  g^eat  many 
of  the  canes  grown  on  this  field  produced  tassels,  but  Mr.  Abel 
did  not  state  in  his  description  whether  the  four  canes  Ftnt  had 

^/our.  Chem.  Soe.  Trans.^  Msy,  1903,  p.  578. 
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tasseled  or  not.  The  presumption  is  that  they  had.  We  have  in 
the  above  what  appears  to  be  an  example  of  a  complete  cycle  of 
growth  in  the  sugar  cane,  probably  a  cycle  which  would  not  be 
realized  farther  south.  Evidently  the  cool  nights  of  the  winter  had 
helped  to  complete  the  period  of  growth,  while  at  the  same  time 
they  prevented  a  beginning  of  the  second  growth,  which  would 
certainly  have  reversed  the  metabolic  activities  within  the  cane 
and  secured  an  inversion  of  a  part  of  the  sucrose.  It  is  probable 
that  the  meteorological  conditions  which  produced  so  complete 
a  growth  do  not  often  obtain  and  the  above  data  are  therefore  of 
interest,  both  from  a  chemical  and  physiological  point  of  view. 
The  analyses  were  made  in  the  Sugar  Laboratory  by  Mr.  Arthur 
Given. 


COLORING-nATTER  IN  YELLOWISH  GRAY  SUGAR. 

By  Y.  Nikaido. 
Received  June  •7.  X903. 

The  crystallized  sugar  we  obtained  from  the  last  few  straight 
pans  in  the  1902  campaign,  at  the  sugar  factory  operated  by  the 
Standard  Beet  Sugar  Co.,  Leavitt,  Neb., acquired  a  slight  yellowish 
gray  tint.  The  samples  were  saved  and  subjected  to  investigation. 
Since  we  could  not  make  a  series  of  investigations  at  this  time  of 
the  year,  the  work  is  not  complete,  but  some  of  the  statements  may 
be  interesting  to  sugar-makers. 

Herzfeld  considers  iron  oxide  as  one  of  the  causes  of  the  gray 
coloration  of  crystallized  sugar.*  For  this  reason,  the  sample  of 
sugar  in  question  was  tested  qualitatively.  Iron  oxide,  lime,  soda 
and  potash  salts  and  a  little  organic  coloring-matter  were  found 
in  it.  In  order  to  ascertain  how  much  iron  oxide  in  the  masse- 
cuite  is  sufficient  to  produce  a  yellowish  tint  in  the  sugar 
crystals,  the  quantity  of  the  iron  oxide  in  the  massecuite  sample 
was  estimated  and  found  to  be  0.02  per  cent.  As  it  seemed  doubt- 
ful that  such  a  small  amount  of  iron  oxide  in  the  massecuite  would 
cause  the  coloration  of  sugar  crystals,  complete  analyses  of  the 
massecuite  and  ash  of  the  same  were  made  and  the  results  ob- 
tained were  as  follows : 

^Zisckr.  RmbenxMckerind.^  46,  x  (1896). 
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MA88BCUITB. 

P«r  cent,  in  water- 
Contdtneiits.  free  materlAL 

Sucrose 84.76 

Invert  sugar 0.93 

Raffinose 3.38 

Ash 3.34 

Organic  matter 8.57 

Iron  oxide ao3 

100.00 

COBFPICIBNTS  CaIXUI^TBD. 

Percent. 

Total  solid 89.83 

Water 10.17 

Polariscope  reading 79-SO 

True  purity 84.76 

Saline  coefficient 25.38 

Glucose  coefficient i.io 

Coefficient  of  organic  matter 9.89 

Ash. 

Percent. 

Acid-insoluble  matter  (mostly  silica) 0.80 

Iron  oxide  (Fc^O,) a65 

Calcium  carbonate  •  •  •  •  • 13.86 

Sodium  chloride • 7.06 

Sodium  carbonate 16.99 

Potassium  sulphate 38.94 

Potassium  carbonate 39.80 

Magnesia trace 

Moisture  and  undetermined  • « x.90 

100.00 
According  to  these  analyses,  excepting  raffinose,  there  is  no 
unusual  constituent  in  this  massecuite,  judging  from  the  analysis 
of  another  massecuite  which  yielded  a  good  quality  of  white 
sugar.  For  the  purpose  of  comparison,  a  statement  of  this  analysis 
is  here  given : 

Per  cent,  in 
water-free 
Composition.  material. 

Sucrose 83.83 

Invert  sugar 3.34 

Raffinose none 

Ash 4.88 

Organic  matter 7.95 

Iron  oxide,  less  than 0.01 

xoaoo 
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COBFncIBMTS  CalCULATSD. 

Pcroml* 

ToUl  solid 90.50 

Water 9.50 

PoUuisoope  reading 79*oo 

Time  purity 83.83 

Saline  coefficient 17.17 

Glucose  coefficient 3.98 

Coeffident  of  organic  matter 9.48 

RafBnose  in  considerable  quantity  is  said  to  have  the  effect  of 
donging  the  normal  form  of  sugar  crystals,. producing  needles, 
bat  it  has  nothing  to  do  with  the  coloring  of  the  sugar.  It  may, 
therefore,  safely  be  said  that  the  coloring  of  our  sugar  was  prin- 
dpally  due  to  the  iron  oxide,  although  the  other  impurities  might 
lia?e  played  some  part.  It  would  be  worth  noting  that  even  such 
1  small  quantity  of  iron  oxide  as  0.02  per  cent,  is  sufficient  to 
canse  coloration  of  sugar  crystals. 

In  Order  to  trace  the  source  of  the  iron  oxide,  the  limestone 
used  for  defecation  was  analyzed.  It  seemed  possible  that  the 
rode  might  have  contained  an  unusually  large  quantity  of  iron 
oxide.  Since  oxide  of  iron  is  soluble  in  sugar  solution  even  in  the 
presence  of  alkali,  it  was  reasonable  to  suppose  that  iron  might 
have  been  thus  introduced  in  the  carbonation  process.  The  results 
of  the  limestone  analysis  are  as  follows : 

Peroeat. 

Moisture • trace 

Insoluble  matter •  •  •  •  i  .96 

Oiganic  matter trace 

Alumina  (A1,0,) 0.33 

Iron  oxide  (Fe,0,) 0.47 

Caldnm  carbonate 96.53 

Magneainm  carbonate a38 

Phosphoric  add trace 

Soda  and  potasb trace 

Sulphuric  acid >•  trace 

99.67 
The  above  figures  ccMnputed  to  a  basis  of  burned  lime  give  the 
foOowing: 

Percent 

Insoluble  matter 3-4i 

Alumina  (Al,0,) 0.57 

Iron  oxide  (Fe,0,) 0.82 

Cakium  osude 94-53 

Hagnesium  carbonate 0.66 

99-99 
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It  may  be  seen  that  this  lime  contains  very  little  iron  oxide.  It 
is  evident  therefore  that  we  must  look  elsewhere  for  the  sources  of 
the  iron  which  caused  the  trouble  in  the  pan. 

Some  iron  doubtless  came  from  the  lime,  and  some  unquestion- 
ably came  from  the  water  used  in  diffusion.  The  water  from  the 
Leavitt  well  was  found  to  contain  0.0024  per  cent.,  or  24  parts  per 
100,000  of  oxide  of  iron. 

Quite  recently  a  sample  of  lime  removed  from  the  kiln  by  Super- 
intendent H.  Schmpde  was  subjected  to  analysis  and  found  to  be 
radically  different  in  composition  from  the  first  sample  analyzed. 
The  results  of  this  analysis  are  here  given : 

Percent. 

Add-insolable  matter 26.10 

Acid-«oluble  silica 0.26 

Lime  (CaO) 63.44 

Magnesia  (MgO) o.ii 

Alumina  (Al,Os) 3.97 

Iron  oxide  (Fe,Ot) 2.09 

Carbon  dioxide  (CO,)  •  •  •  •  • 3.05 

Sulphuric  acid  (SOg) 0.14 

Undetermined 0.84 

100.00 
There  is  certainly  sufficient  iron  oxide  shown  in  this  sample  to 
have  caused  all  the  disturbances  noted.    These  two  analyses  would 
indicate  a  decided  lack  of  uniformity  of  composition  in  the  lime 
rock  used  at  the  factory. 

To  sum  up  the  whole  matter,  it  is  my  opinion  that  the  coloring 
of  the  su^r  in  the  massecuite  was  due  to  iron  oxide.  The 
source  of  this  iron  is  still  an  open  question,  but  the  evidence  at 
hand  points  rather  clearly  to  the  lime  rock  as  the  origin  of  it. 

The  author  wishes  to  express  his  gratitude  to  Prof.  H.  H. 
Nicholson,  as  the  investigation  has  been  carried  on  in  the  chemical 
laboratory  of  the  University  of  Nebraska  by  his  permission. 
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While  the  literature  relating  to  the  resins  in  general  is  quite 
extensive,  it  is  nevertheless  true  that  published  data,  in  regard  to 

>  Rcftd  before  the  Intenmtional  CongreM  of  Applied  Cbemittryat  Berlin,  June,  1903. 
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the  chemical  constants  of  those  fossil  and  semi-fossil  resins  which 
enter  into  the  composition  of  varnishes,  are  quite  scarce.  Several 
investigators*  have  published  results  obtained  from  specimens  of 
a  few  of  these  resins,  but  their  results  are  in  general  of  little  or  no 
value  for  various  reasons.  In  the  first  place,  many  authors  have 
not  taken  pains  to  properly  classify  the  particular  resins  with 
whidi  they  were  working.  Then,  too,  their  work  has  in  many 
cases  been  with  single  specimens  and  not  sufficient  data  are  avail- 
able for  any  one  resin  from  which  definite  conclusions  may  be 
drawn.  Last,  but  not  least,  as  K.  Dieterich  has  pointed  out  in 
hisexcellent  book  upon  the  analysis  of  resins,*  the  methods  employed 
for  resins  in  general  have  not  been  either  accurate  or  uniform.  Al- 
most without  exception  the  methods  for  the  analysis  of  fats  have 
been  applied  to  the  resins — a  class  of  compounds  entirely  different 
from  the  fats  in  origin  and  constitution,  so  that  we  have  ester 
values  of  resins  which  contain  no  esters,  direct  acid  numbers  which 
are  far  too  low,  and  a  general  lack  of  concordance  in  the  results. 

It  is  chiefly  due  to  Tschirch  and  his  pupils  that  we  have  a 
dearer  idea  as  to  the  origin  and  chemical  constitution  of  the  resins, 
rtile  to  K.  Dieterich  we  owe  quite  as  much  from  the  analjrtical 
point  of  view.  The  later,  in  the  book  previously  referred  to,  has 
given  us  suitable  methods  of  analysis  for  each  resin,  and  applied 
4ese  methods  in  determining  the  constants  of  many  species.  The 
work  herein  recorded  was  undertaken  to  extend  our  information 
owcerning  the  fossil  and  semi-fossil  resins — ^the  so-called 
"Copals"— a  subject  to  which  Dieterich  has  given  but  brief  atten- 
tion,—with  the  hope  of  developing  a  rational  scheme  of  analysis. 
Each  specimen  was  taken  from  large  shipments,  and  represents 
a  fair  average  sample  of  a  definite  commercial  grade.  As  many 
<iiffcrent  specimens  as  it  was  possible  to  secure  were  examined, 
in  the  belief  that  from  a  large  number  of  data  better  conclusions 
could  be  drawn.  As  descriptions  of  the  physical  properties  and 
characteristics  of  these  various  resins  are  to  be  found  in  several 
feoks  treating  of  such  subjects,  it  has  seemed  best  to  omit  all 
such  data  from  consideration  in  this  article,  giving  for  each  resin 
«)raore  description  than  is  necessary  to  properly  classify  it. 

KAURI  COPAL. 

Kauri  resin,  or  Kauri  copal,  a  semi-fossil,  was  originally  an 

*  Fort  complete  Ubliogr^pfay  of  tbiii  subject  see  **Die  Hmrze  und  die  Harzebehftlter," 
^Ticfcirdi. 
'"Aailyseder  Harse,  Balsame,  und  Gtimmihane." 


862  R.  A.  WORSTAIX. 

exudation  from  the  pine  tree  of  New  Zealand — Dammara  Aus- 
trails — and  is  found  only  in  the  province  of  Auckland  in  open 
bush  land  from  which  the  original  forests  have  disappeared.  In 
other  parts  of  the  colony,  forests  of  these  trees  still  exist  which 
yield,  on  tapping,  a  soft  spongy  sap,  while  an  intermediate  quality 
of  a  semi-matured  state — "bush  Kauri" — also  exists,  which  time 
might  convert  into  semi-fossil  variety.  The  data  herein  given 
refer  entirely  to  the  semi-fossil  resin.  The  quantity  of  Kauri 
consumed  annually  in  the  United  States  more  than  equals  that  of 
all  the  other  fossil  and  semi- fossil  resins  combined. 

ACID  NUMBERS. 

In  determining  the  acid  numbers  of  Kauri  the  indirect  method 
of  Dieterich  was  followed,  with  a  modification  in  the  solvents 
used.  One  gram  of  the  finely  powdered  resin  was  weighed  out 
into  a  glass-stoppered  bottle,  and  15  cc.  benzene  and  5  cc.  alcohol 
were  added.  Solution  is  complete  in  a  few  minutes  with  these 
solvents.  Then  15  cc.  of  fifth-normal  alcoholic  potash  were  run  in, 
the  bottle  tightly  stoppered  and  allowed  to  stand  eighteen  hours, 
25  cc.  of  alcohol  then  added  and  the  excess  of  alkali  titrated 
back  with  fifth-normal  sulphuric  acid,  using  phenolphthalein  as 
an  indicator.  The  method  gives  sharp  end-reactions  and  closely 
agreeing  duplicates.  Blank  determinations  were  run  each  time, 
using  the  same  quantities  of  solvents. 

As  Dieterich  has  pointed  out,  direct  titration  gives  acid  values 
far  too  low  for  all  resins,  because  the  complete  neutralization  of 
the  resin  acids  proceeds  slowly.  To  illustrate  this  point  the 
following  experiment  will  serve.  Several  portions  of  a  sample 
of  Kauri,  whose  acid  number  had  been  accurately  determined  as 
103,  were  weighed  out  and  the  acid  number  determined  by  in- 
direct titration  at  different  intervals  of  time.  The  results  were 
as  follows : 

Time.  Add  number. 

5  minutes  82 
I  honr  92 
3  hours  96 

6  **  loi 
12  **  102 
18     "                                                  103 

It  is  very  necessary,  as  Dieterich  has  also  observed,  that  rather 
strong  acid  be  employed  for  the  titration,  as  the  addition  of  much 
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water  hydrolyzes  the  potassium  salts  and  lowers  the  apparent  acid 
nmnber.  The  author  has  found  the  addition  of  alcohol  before  the 
titration  a  great  help  in  securing  sharp  end-reactions. 

At  the  very  banning  of  this  work  it  became  evident  that  there 
was  a  wide  divergence  between  the  acid  values  of  different  samples 
of  Kaari,  ranging  from  a  minimum  of  72  to  a  maximum  of  142, 
the  large  lumps  ("bold"  gum)  having  always  the  lowest  acid 
dues,  the  fine  chips  and  dust  the  highest.  Dieterich,  who  had 
noted  with  other  resins,  especially  dammar,  that  the  dust  had  much 
higher  acid  numbers  than  the  large  lumps,  at  once  concluded  that 
ftL«  mast  be  due  to  adulteration  of  the  dust  with  colophony.  But 
as  all  the  resins  herein  described  were  taken  from  original  pack- 
^  which  had  not  been  opened  since  leaving  Auckland,  the 
author  was  convinced  that  no  adulteration  was  possible. 

Dieterich  has  condemned  the  iodine  and  bromine  numbers  as 
of  DO  value  when  applied  to  resins,  and  has  omitted  those  deter- 
minations  in  his  schemes  of  analysis.  That  he  is  entirely  mis- 
taken—at  least  in  so  far  as  the  Copals  are  concerned — will  appear 
from  the  following  results.  Proof  that  these  Kauri  samples  were 
not  adulterated  was  afforded  at  once  when  the  iodine  values  were 
detennined.  The  latter  ranged  from  a  maximum  of  170  to  a 
minimum  of  74^  the  iodine  value  being  always  at  a  maximum 
vhen  the  acid  number  was  at  a  minimum,  and  decreasing  directly 
as  die  acid  number  increased.  As  colophony  has  an  acid  number 
of  160  and  an  iodine  value  of  170,  adulteration  with  the  latter 
would  have  caused  a  simultaneous  increase  in  both  acid  and  iodine 
values. 

In  determining  the  iodine  value,  the  usual  Hiibl  method  was 
onploycd,  using  a  large  excess  of  iodine  solution,  and  allowing  to 
stand  eighteen  hours  before  titrating. 

The  following  table  shows  the  results  obtained  from  forty-three 
specimens  of  Kauri  resin. 

Himber.  Description.  Acid.  Iodine. 

I XXXX  White,  large  lumps  72  170 

2 XX  Brown,    "         **  72  I54 

3 X  White,    "         ••  72  162 

4 Brownone,    **         **  77  140 

5 X  Brown,    "         **  77  160 

6 X  Nabs,  white,  large  76  154 

7 XX    "            "         "  76  159 

8 No.  I     ••            "         "  85  146 
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Ntunbcr.  Description.  Add.  Iodine. 

9 X  Naba,  brown,  large  87  148 

10 No.  I    ••      white.     "  87  144 

II No.  I    "  "        •*  87  149 

12 No.  I    ••  •*        ••  91  142 

13 Chips,  white,  large  80  153 

14 •••  * 82  159 

15 "           **        "  79  151 

16 •*      brown     *•  86  i6a 

17 '*      light,  medium  96  143 

18 "           "        ••  99  143 

19 "           •*        "  9*  W 

90 "           •*        "  97  140 

21 "           ••        "  95  137 

22 "      brown,    "  89  132 

23 "      light,    small  112  115 

24 "       dark,       •*  113  no 

25 *'      and  dust  in  115 

26 Small  brown  chips  92  124 

27 Bright  fine  chips  103  120 

28 103  125 

29 "         ••       **  107  H3 

30 "     seeds  107  113 

31 Medium    *'  103  113 

32 •*         **  108  III 

33 "         ••  122  105 

34 "         '*  "3  105 

35 "         **  122  107 

36 Dark      "  125  95 

37 Bright  dust  118  105 

38 "         ••  120  i<^ 

39 Medium    "  127  93 

40 "         "  130  87 

41 "         "  123  82 

42 Brown       "  133  89 

43 "         "  U2  74 

While  no  particular  relation  could beexpectedtoexistbetween two 
arbitrary  values  such  as  the  acid  numbers  and  the  iodine  absorp- 
tion, it  is  worth  noting  that  the  sum  of  these  two  values  is  approxi- 
mately a  constant.  For  the  forty-three  specimens  the  average  of 
this  sum  is  228,  the  maximum  being  248  and  the  minimum  205. 
And  if  for  each  specimen  the  percentage  of  impurities  is  taken  into 
consideration  and  these  values  estimated  for  the  pure  resin  con- 
tained, the  divergence  is  less  marked.  In  other  words,  the  iodine 
number  decreases  in  almost  exact  proportion  as  the  acid  number 
increases,  and  znce  versa. 
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From  the  researches  of  Tschirch  and  his  pupils,  it  appears  that 
the  cc^>als  consist  of  "resenes" — neutral  compounds  contain- 
ing oxygen  and  possibly  of  aldehyde  nature —  and  of  the  resin 
adds.  Other  investigators^  have  noted  the  fact  that  the  copals 
will  absorb  oxygen,  and  evidently  the  increase  in  acid  number  and 
decrease  in  iodine  absorption  is  due  to  oxidation  of  these  "resenes," 
by  contact  with  the  air,  to  resin  acids,  and  that  heretofore  the  finer 
the  particles  of  the  resin  and  the  more  porous  they  are,  the  higher 
will  be  their  acid  number.  That  this  increase  in  the  acid  number 
is  actually  due  to  oxidation,  the  following  experiments  will  illus- 
trate. 

A  number  of  samples  of  Kauri  were  selected,  each  one  finely 
powdered,  and  its  acid  and  iodine  numbers  determined.  These 
samples  were  then  left  four  months  in  open  bottles  exposed  to 
the  air,  and  the  powdered  resins  stirred  frwn  time  to  time  to 
prcmiote  oxidation.  At  the  end  of  this  time  their  constants  were 
again  determined  with  the  following  results : 

Before  osidation.  After  oxidation. 

, . ,  , . ,  Add.  Iodine. 

Nvmiber.  Acid.  Iodine.  Acid.  Iodine.  Increaae.     Decreaie. 

I 72  154  87  133  15  21 

2 76  159  III  121  35  38 

3 77  140  93  "5  16  25 

4 72  170  107  no  35  60 

5 97  109  104  99  7  10 

6 105  113  109  112  4  I 

Samples  i,  2,  3  and  4  were  hard,  "bold"  gum  of  highest  quality, 
while  samples  5  and  6  were  of  a  soft,  spongy,  lowest  grade  Kauri, 
in  which  oxidation  had  already  made  much  progress  before  the 
experiment  was  carried  out. 

This  oxidation  proceeds  rapidly  in  presence  of  alkalies,  so  that 
open  saponification  with  alcoholic  caustic  potash  gives  acid  numbers 
that  are  much  too  high.  Doubtless  this  fact,  in  connection  with 
the  impossibility  of  obtaining  correct  acid  numbers  by  direct  titra- 
tion, has  led  to  the  reporting  of  ester  values  in  resins  where  no 
esters  exist.  That  Kauri  is  free  from  esters  was  shown  by  saponi- 
fying several  samples  in  flasks  with  return  condensers,  digesting 
for  one  hour  on  the  steam-bath.  In  every  case  the  saponification 
number  thus  found  was  the  same  as  the  indirect  acid  number. 

1  See  yir— HitiTi  Wcger,  and  I^ippert  :  Chem.  Reu,^  9S,  I,  286 ;  ZUchr.  angnv.  Ckem.,  98, 
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MANILA  COPAL. 

This  semi-fossil  resin  comes  frcMn  the  islands  in  the  Malay 
Archipelago.  Its  botanical  source  is  unknown.  Conunercially  it 
is  second  to  Kauri  in  the  amount  consumed  each  year  in  the  United 
States  for  varnishes.  Nineteen  samples  were  taken  from  direct 
importations,  the  acid  and  the  iodine  values  being  determined  by 
the  same  methods  employed  for  Kauri,  with  the  following  results : 

Smn  of  add 
Number.  DetcripUon. 

I... Finest  white,  "bold" 

2 Medium" 


4 Hard  brown'*  bold" 

5 WhiteNubt 

6. Medium  white  Nubs 

7 Amber  Nubs 

8 White  chips 

^ ««         " 

ID Medium  chips 

II 

13 Amber  chips 

13 

14 

15 

i6 

17 

i8 

19 Dust 


Add. 

Iodine. 

•ndiodi 

146 

148 

294 

167 

138 

295 

175 

132 

307 

176 

131 

307 

165 

1^5 

300 

176 

135 

301 

180 

125 

305 

176 

137 

303 

178 

131 

309 

180 

139 

309 

180 

135 

305 

183 

119 

301 

183 

117 

299 

186 

119 

305 

187 

I30 

307 

187 

116 

303 

188 

119 

307 

190 

I30 

310 

199 

104 

303 

It  will  be  noticed  that  the  sum  of  the  add  and  the  iodine  values 
is  in  each  case  quite  near  the  average,  304,  and  that  the  less 
marked  increase  in  acid  values  as  the  size  of  the  gum  decreases 
indicates  that  oxidation  by  the  air  is  not  so  rapid  as  in  the  case  of 
Kauri.  The  effect  of  oxidation  was  determined  just  as  for  Kauri 
by  allowing  the  finely  powdered  resin  to  stand  in  contact  with  the 
air  for  four  months.    The  following  table  shows  the  results : 


Nvmber.  Deacription. 

I Hard  brown,  *'bold" 

3 "     white, 

3 White  chips 

4 Medium  chips 

5 **        white,  "bold" 

6 •«•           *«            «* 


Before  oxidation. 

After  ozidfttlon. 

Add. 

iodine. 

Add. 

Iodine. 

176 

131 

183 

138 

142 

148 

146 

144 

186 

119 

189 

"3 

180 

125 

191 

113 

175 

132 

178 

133 

167 

X33 

178 

138 
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Oxidation,  therefore,  does  not  proceed  as  rapidly  or  as  far  with 
Manila  as  with  Kauri.  Open  saponification,  however,  gives  too 
high  results.  Closed  saponification  gives  the  same  figures  as  the 
indirect  acid  numbers,  showing  the  absence  of  esters. 

PONTIANAC  COPAL. 

Ooe  of  the  most  recently  exploited  copals  is  the  so-called 
'Toatianac,''  a  semi-fossil  from  the  Malay  archipelago.  In  many 
ways  it  seems  to  be  a  connecting  link  between  Kauri  and  Manila, 
not  only  in  its  physical  characteristics,  but  also  in  its  chemical 
constants.  At  present  the  consumption  of  the  resin  in  the  United 
States  is  in  an  experimental  stage,  and  only  two  samples  were 
available. 

Before  ozidatioii.  Alter  oacidatkm. 

mmlbet.  DeKrlpllofi.  Add.         lodiae.         Add.        Iodine. 

I Medinm  chips       135  14a  153  104 

2 Small        '*  143  X19  157  loa 

h  will  be  noted  that  its  acid  and  iodine  values  lie  between  those 
of  Kauri  and  Manila,  and  that  it  is  more,  easily  oxidized  than 
Manila,  but  not  so  readily  as  Kauri.  In  its  physical  properties  it 
more  closely  resembles  Manila.    It  contains  no  esters. 

SOUTH  AFRICAN  FOSSIL  COPALS. 

Zanzibar,  Madagascar  and  Mozambique  copals,  the  hardest  and 
probaUy  the  most  ancient  of  the  fossil  copals,  are  all  found  on  the 
sootbeast  coast  of  Africa.  The  botanical  source  of  Zanzibar  copal 
is  i>robably  the  trachylobium  verrucosum,  and  it  is  probable  that 
4c  odi^  two  varieties  of  resin  come  from  closely  related  species. 
Zanzibar  is  still  of  commercial  importance,  but  Madagascar  and 
Hozamtrique  are  but  little  used  in  the  United  States. 

The  add  numbers,  iodine  absorptions,  and  effect  of  oxidation 
were  determined  for  these  resins  just  as  for  those  previously  de- 
scribed. 


DcKTiption. 

Before  (nidation. 
Acid.        Iodine. 

After  oxidfttion. 

RoiB. 

Add. 

Iodine. 

Zanabar 

Prime  white  •'sorts" 

79 

"3 

79 

I«3 

It 

Amber  chips 

104 

"5 

loa 

lU 

Moombique 

White  ••aorta" 

80 

136 

107 

108 

Madagascar 

Amber  ••aorta" 

95 

T26 

100 

106 

Zanzibar  does  not  seem  to  be  readily  oxidized. 

None  of  these 

resins  contained  esters. 
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WJSST  AFRICAN  FOSSIL  COPALS. 

Of  the  west  African  copals,  the  following  were  examined: 
"North  Coast"  or  "Akra,"  red  and  white  Angola,  Congo  and 
Benguela.  The  botanical  source  of  these  resins  is  not  known 
positively.    The  following  table  gives  the  results : 


Description. 

Before  oxidation. 

After  oxidation. 

Resin. 

Acid.          Iodine. 

Add.          Iodide. 

North  Coast 

White, 

•*bold»' 

lo8            143 

127             109 

<i          II 

II 

109             143 

125              122 

41                       l< 

II 

I 16             140 

137              116 

Benguela 

II 

139             142 

161                121 

Congo 

** 

150               122 

150               116 

II 

No.  2 

152               122 

153               109 

Red  Angola, 

select 

143                130 

142                115 

White  •• 

II 

127                136 

128               118 

It  may  be  remarked  that  the  effect  of  oxidation  upon  all  resin 
described  in  this  paper  was  studied  in  the  same  manner  as  for 
Kauri,  by  leaving  the  finely  powdered  resin  in  contact  with  the 
air  for  four  months.  It  is  worth  noting  that  while  oxidation  does 
not  increase  the  acid  numbers  of  Congo  or  the  Angolas,  it  materi- 
ally decreases  the  iodine  absorption.  The  reason  for  this  is  not 
clear.    None  of  these  copals  contain  esters. 

SIERRA  LEONE  COPAL. 

Sierra  Leone  copal  is  the  exudation  from  the  bark  of  the 
Copaifera  Guibourtiana,  on  the  west  coast  of  Africa.  This  tree 
flourishes  in  the  elevated  mountainous  districts.  The  gum  is 
gathered  as  an  annual  crop,  thereby  differing  from  most  of  the 
other  varnish  resins.  The  annual  gathering  takes  place  about  the 
end  of  March,  the  bark  being  extensively  cut  and  slashed,  and 
the  gum  which  flows  from  these  incisions  being  afterwards  collected. 
This  resin  hardens  rapidly.  The  supply  has  been  steadily  de- 
creasing and  the  cost,  in  consequence,  rapidly  increasing,  so  that 
Sierra  Leone  is  not  now  used  to  a  very  great  extent  in  the  United 
States. 

Two  samples  were  examined  with  the  following  results : 


Before  oxidation. 

After  oxidation. 

Number. 

1 < 

2 

Description. 
. .     Finest  select  No.  i 
.     No.  2  grade 

Acid.        Iodine. 
118           105 
1(4           102 

Acid.        Iodine. 
116           105 
116           108 
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It  therefore  appears  that  Sierra  Leone  is  not  readily  oxidized. 
Hot  saponification  showed  absence  of  esters. 

BRAZILIAN  COPAL. 

Brazilian  copal  is  a  semi-fossil  resin  of  uncertain  botanical 
source  from  South  America.  Three  samples  were  examined  with 
the  following  results : 

Before  ozidatloo.         After  ozidation. 

Kflmher.                    DcacriptUm.               Add.  Iodine.  Add.  Iodine. 

I Fine  '*bold''  yellow     131          123  138  1 16 

3 '*        *'       white      143         134  150  119 

3 "        ••          "          149         "5  158  "6 

DA  MAR. 

While  Damar  is  neither  a  fossil  nor  semi-fossil  resin,  and  hence 
not  strictly  included  under  the  title  of  this  paper,  its  importance 
in  varaish-making  is  such  that  it  seems  well  to  include  it  in  con- 
sideration. The  white  damars  used  in  the  manufacture  of  varnish 
art  oonunercially  of  three  varieties — the  Batavian  frcMn  Java,  and 
the  Singapore  and  Padang  from  Sumatra.  They  are  all  exuda- 
tions of  Dammara  Orientalis,  the  trees  being  cut  periodically 
for  die  gum. 

Eleven  samples  of  white  dammar  were  examined  with  the  fol- 
lowing results : 

Ihwber.  Detcripdon.  Acid.  Iodine. 

I SelectPadang  34  116 

2 *'     Singapore  55  104 

3 *'      Batavian  24  124 

4 No.  I        '*  24  117 

5 *•   a        ••  41  "6 

6 "a       "  41  115 

7 Batavian  sidings  50  108 

8 •'           •*  50  107 

9 '*       dnst  51  104 

10 *•          "  47  106 

II ••          **  50  103 

The  add  numbers  were  determined  just  as  for  all  the  preceding 
rwins,  using  the  same  solvents.  The  decrease  in  the  iodine  ab- 
sorption as  the  acid  number  increases  shows  that  oxidation  occurs 
with  damar  just  as  with  the  other  resins.  Hot,  open  saponifica- 
tion gives  too  high  acid  numbers  for  the  same  reason.  Had 
Dicterich  determined  the  iodine  numbers  of  the  damiar  dusts 
whose  add  numbers  he  found  high,  he  probably  would  not  have 
concluded  that  the  dusts  were  adulterated  with  colophony. 
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It  would  seem  to  the  author  that,  in  view  of  the  results  obtained, 
the  value  of  the  iodine  absorption  method  as  applied  to  the  varnish 
resins  is  fully  established.  The  almost  universal  tendency  of  the 
resins  to  oxidation  when  in  contact  with  the  air,  as  also  brought 
out  by  this  work,  and  the  consequent  wide  range  in  acid  and 
iodine  values,  makes  it  evident  that  chemical  comparison  of 
different  samples  of  any  resin  are  of  value  only  when  the  samples 
to  be  compared  are  of  the  same  general  nature — in  other  words, 
it  will  not  do  to  compare  "bold"  gum  with  "chips,"  or  "Nubs" 
with  "dust,"  for  the  reason  that  the  finer  the  particles  of  gum, 
the  farther  the  oxidation  has  progressed.  But  when  it  is  desired, 
for  the  sake  of  greater  accuracy,  to  supplement  physical  tests  or 
inspection  by  chemical  analysis,  the  author  has  found  the  following^ 
scheme  of  analysis  accurate  and  reliable,  provided  it  is  used  com- 
paratively, that  is,  to  test  "dust"  against  "dust,"  "chips"  against 
"chips,"  etc. 

Moisture. — ^The  resin  is  finely  powdered  and  i  gram  dried  for 
one  hour  at  1 10**  C.  on  a  watch  crystal. 

Insoluble  Matter. — Two  grams  of  the  finely  powdered  resin  arc 
weighed  out  into  a  small  beaker,  and  25  cc.  benzene  and  10  cc. 
acetone  added.  Solution  is  complete  for  the  softer  resins  in  a 
few  minutes,  and  slow  for  Zanzibar  and  the  other  harder  resins. 
When  necessary,  solution  of  the  latter  may  be  effected  in  epi- 
chlorhydrin,  aniline,  or  other  more  active  solvent.  Whea  the 
solution  is  complete,  allow  to  settle, until  clear,  and  decant  the 
clear  liquid,  but  not  through  the  filter  as  it  would  clog  the  paper. 
Add  more  of  the  solvents  to  the  residue  in  the  beaker,  and  wash 
onto  a  filter-paper,  previously  washed  out,  the  same  solvents 
dried  and  weighed.  Wash  the  residue  clean,  dry  and  weigh  as 
total  insoluble  matter. 

Ash. — Ignite  paper  and  contents  until  white,  and  weigh  residue 
as  ash. 

Insoluble  Organic  Matter. — ^The  difference  between  the  total 
insoluble  matter  and  the  ash  represents  the  insoluble  organic 
matter — bark  and  vegetable  debris. 

Indirect  Acid  Number. — Weigh  out  i  gram  of  the  finely  pow- 
dered resin  into  a  glass-stoppered  bottle,*  add  15  cc.  benzene,  5  cc. 
alcohol  and  15  cc.  fifth-normal  alcdiolic  caustic  potash.  Allow 
to  stand  tightly  stoppered  for  eighteen  hours,  add  25  cc.  alcohol, 
a  few  drops  phenolphthalein,  and  titrate  back  with  fifth-normal 
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sulphuric  add.  The  number  of  milligrams  of  potassium  hydroxide 
used  represents  the  acid  number. 

Iodine  Absorption. — Weigh  out  0.2  g^ram  of  the  finely  powdiered 
resin  into  a  ^lass-stoppered  bottle  and  add  10  cc.  chloroform. 
Add  40-50  cc  of  Htibl's  iodine  solution,  allow  to  stand  eighteen 
hours,  then  titrate  back  with  thiosulphate. 

Color. — Dissolve  10  grams  of  the  resin  in  100  cc.  of  a  mixture 
of  half  benzene  and  half  acetone,  allow  to  stand  in  a  4-ounce  oil 
vial  until  it  has  settled  bright,  then  compare  the  colors  of  the  clear 
stations. 

The  above  methods,  when  applied  to  the  comparison  of  similar 
grades  of  the  same  resin,  give  surprisingly  accurate  results  j  Other 
diings  being  equal,  a  higher  percentage  of  insoluble  organic 
matter,  which  would  char  in  the  kettle  aiid  diarken  the  melt,  or  a 
higher  acid  number  ana  lower  iodine  value,  which  would  show 
more  complete  oxidation  and  hence  indicate  a  more  porous  struc- 
tare  in  the  resin,  or  a  darker  color  in  solution,  indicating  a  corre- 
sponding darker  color  when  melted — ^these  are  the  points  which 
oondenm  a  sample. 

In  conclusion,  the  author  would  state  that  he  hopes  soon  to  ex- 
tend this  investigation  to  the  melted  copals — especially  to  study 
the  oridatioa  of  the  same,  which  may  have  important  bearing  on 
the  duraUlity  of  varnishes  made  from  these  resins. 

Chicago  Varkish  Co., 

Chicago,  March,  1903. 


ON  THE  RELATION  OF  THE  SPECIFIC  GRAVITY  OF  URINE 
TO  THE  50LID5  PRESENT.     SECOND  PAPER. 

By  J.  H.  I^OMG. 
Received  June  iS,  1903. 

Some  months  ago*  I  gave  the  resuhs  of  experiments  carried 
ont  on  the  determination  of  the  relation  between  the  total  solids 
of  urine  and  the  specific  gravity  at  25**  C.  A  factor  was  found  here 
corresponding  to  the  coefficient  of  Haeser,  but  considerably  larger 
Aan  die  number  usually  given,  on  account  of  the  higher  tempera- 
ture at  which  the  specific  gravities  were  observed. 

It  seemed  desirable  to  separate  the  effect  of  sodium  chloride 
m  fixing  this  relation,  inasmuch  as  this  substance  is  not  a  product 

'TkbJoiiraAl,»f,  as7- 
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of  metabolism  and  is  present  in  extremely  variable  amounts  which 
have  no  relation  to  the  urinary  constituents  of  true  metabolic 
origin.  A  new  set  of  tests  were  therefore  made  in  which  the 
chlorine  was  accurately  determined  and  calculated  to  sodium 
chloride.  Then  the  specific  gravities  of  correspondingly  weak 
chloride  solutions  were  found  and  these  were  subtracted  from  the 
observed  specific  gravities  at  25**  to  find  the  specific  gravity  due  to 
metabolic  products.  There  are,  of  course,  slight  sources  of  error 
in  this  calculation,  but  they  are  not  of  great  importance  in  the 
final  result.  In  the  first  place,  the  chlorine  is  not  always  present 
as  sodium  chloride;  sometimes  there  is  more  chlorine  than  the 
sodium  will  combine  with,  but  the  excess  is  never  great.  Secondly, 
the  specific  gravity  of  a  mixed  solution  is  not  accurately  equal  to 
the  sum  of  the  factors  for  each  component  taken  separately.  The 
excess  of  the  specific  gravity  over  unity  for  the  mixed  solution 
is  not  exactly  the  sum  of  the  excesses  for  solutions  of  the  com- 
ponent substances  taken  separately  in  the  same  volume.  But  for 
the  dilute  solutions  considered  here  the  variations  are  not  of 
material  importance,  and  besides,  this  whole  calculation  is  an 
arbitrary  one  which  cannot  lead  to  more  than  approximate  results. 
The  determinations  were  made  as  described  in  the  former  paper 
and  the  coefficient  or  factor  C  was  calculated  by  the  expression 
^      Solids— NaCl 


^  - 

Etoul  — 

-ENkCl 

in  which  Etoui 

represents 

the  excess  of  the 

specific  gravity  of 

the  urine  over 

I,   and  En.ci  represents  the  excess  of  the  specific 

gravity 

of  salt 

solutions  of  the  strength  found  i 

Dver  I.    The  results 

obtained  are  given  in  the  table. 

No. 

Solids 
liter. 

Sodium 
chloride 

iScr. 

specific 
gravity 

Sp.  srr.  of 
sodium 
chloride 
solution. 

Coefficient    Coefficient 
for           for  solids 
total              less 
solids.            salt. 

I 

70.83 

16.07 

1.0287 

1.0079 

0.247           0.263 

2 

40.88 

1377 

I.OI69 

1.0063 

0.239           0.261 

3 

60.35 

10.26 

1.0233 

1.0040 

0.255           0.259 

4 

52.99 

12.47 

1. 0190 

1.0054 

0.278           0.298 

5 

43.87 

15.72 

1. 0184 

1.0077 

0.238           0.263 

6 

50.58 

18.43 

I.0216 

1.0097 

0.233           0.270 

7 

50.69 

16.91 

I.0217 

1.0085 

0.234           0.256 

8 

67.13 

15.25 

1.0275 

1.0072 

0.244           0.256 

9 

29.68 

1504 

I.013I 

1.0071 

0.226           0.244 

10 

50.69 

1399 

1. 02 17 

1.0064 

0.233           0.240 

II 

34.34 

11.48 

1.0130 

1.0048 

0.264           0.278 

12 

58.72 

16.63 

1.0234 

1.0084 

0.251           0.280 
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Sodluin 

Spedfic 

^W«rS' 

Cocftdcnt 

CoeflBcient 

SoUds 

chloride 

*^^^ 

for 

for  •otidt 

Ho. 

iSct. 

iS^. 

f- 

Chloride 

COlUtiOB. 

total 
•olids. 

less 

Mtt. 

13 

63.79 

13.87 

1.0238 

tf.0065 

0.267 

0.288 

H 

65.43 

15.51 

1.0260 

1.0076 

0.251 

0.271 

15 

56.77 

13.65 

1.0234 

1.0062 

0.243 

0.251 

16 

61^ 

15.19 

1.0238 

1.0072 

0.259 

a  278 

17 

44.34 

13.56 

I.OI72 

1.0062 

0.258 

0.280 

18 

51.5a 

17.64 

1.0202 

1.0092 

0.255 

0.308 

»9 

59.96 

18.97 

1.0235 

1.0102 

0.255 

0.306 

20 

40.09 

11.55 

1. 0154 

1.0048 

0.263 

0.269 

21 

58.92 

15.13 

1.0230 

1.0071 

0.256 

0.275 

23 

53.18 

14.64 

1.0213 

1.0069 

0.245 

0.261 

n 

52.99 

10.25 

1. 0190 

1.0040 

0.278 

0.285 

H 

55.03 

15.24 

1.0220 

1.0073 

0.250 

0.257 

Mean,    53.05  14.63  1.0211  1.0069  0.251         0.271 

It  will  be  observed  that  the  coefficient  for  the  total  solids  is 
0251  and  slightly  smaller  than  the  mean  value  found  before, 
0260.  The  coefficient  for  solids,  less  sodium  chloride,  is  con- 
sidenibly  larger  and,  ccmtrary  to  expectations,  is  the  mean  of 
results  which  show  wider  variations  than  in  the  other  case.  Most 
of  the  individual  results  are,  however,  near  the  mean  value  and 
for  certain  classes  of  calculations,  therefore,  the  coefficient  may 
be  used  with  only  a  small  prpbable  error.  It  will  be  noted  that  the 
orines  tested  showed  a  range  of  concentration  between  about  30 
and  70  grams  per  liter  of  solids. 

KOftTHWESTBRlf  UNTVftaSITy, 
CHICAGO,  JCKK,  1903. 


[CORTRIBUTION  FROM  THB  JOHN  HARRISON  LABORATORY  OF  ChBMISTRV, 

No.  69.] 
THE  ELECTROLYTIC  PRODUCTION  OP  CALCIUn. 

By  Joseph  H.  Goodwin. 

Kec«l««d  June  att,  190). 

Se*ERAL  suggestions  have  been  offered  during  the  past  year  for 
the  preparation  of  metallic  calcium  in  the  electrolytic  way.  The 
attempts  made  by  the  writer,  with  various  furnaces,  were  fruit- 
tes.  After  much  experimentation,  the  furnace,  pictured  below, 
was  devised,  and  as  it  g^ave  an  excellent  yield  of  metal  it  was 
thought  that  perhaps  it  would  be  helpful  to  others,  hence  this 
OMnmunication.    Its  construction  is  evident  from  the  sketch.    The 
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cathode  of  wrought  iron  is  firmly  fastened  in  electrical  contact 
with  a  copper  water-jacket,  which  serves  as  a  cooler  and  as  base 
for  the  furnace.  Separated  from  this  base  by  asbestos  is  a  ring 
of  graphite,  made  by  boring  out  a  2.5-inch  disk  from  a  6-inch 
Acheson  graphite  electrode.  This  ring  constitutes  the  walls  of 
the  furnace  and  is  also  the  anode,  its  electric  connection  being 
made  by  two  wrought  iron  bands  clamped  firmly  about  it. 


CALCIUM    FUfi^^CZ 
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When  the  furnace  has  been  arranged,  spread  powdered  Ihne  to 
the  depth  of  half  an  inch  over  the  bottom,  pressing  it  down  until 
it  forms  a  firm,  smooth  floor.  A  stream  of  water  is  then  sent 
through  the  jacket  and  the  switch  closed.  Anhydrous  calcium 
diloride,  fused  for  half  an  hour  in  a  wind  furnace,  is  next  poured 
into  the  furnace.  It  does  not  readily  "wet"  the  graphite,  it  shrinks 
away  from  it ;  consequently  a  sheet  of  beautiful  purple  light  sepa- 
rates the  chloride  from  the  graphite.  It  is  an  electric  arc  with  a 
hack  electromotive  force  of  50  volts,  which  lowers  the  current. 
Contact  between  the  chloride  and  graphite  can  be  made  by  im- 
mersing a  carbon  rod  along  side  the  anode  or  by  splashing  the  elec- 
trolyte against  the  graphite  ring.  The  resistance  should  be  cut 
oat  until  a  current  of  100  amperes  is  passing.  There  will  be  a 
copious  evolution  of  chlorine,  for  the  removal  of  which  a  good 
'*hood"  is  essential.  Calcium  chloride  should  be  poured  in  from 
time  to  time,  the  temperature  of  the  cell  being  kept  at  950**.  The 
h'berated  calcium  melts  from  the  iron  rod  upon  which  it  has  been 
dqxKited  and  floats  to  the  surface,  forming  there  a  globule  which, 
when  about  an  inch  in  diameter,  is  removed  with  a  small  sheet-iron 
spoon. 

The  purity  of  the  metal  obtained  in  this  manner  varies  with  the 
parity  of  the  chloride.  Specimens  made  from  chloride  gotten 
from  ordinary  calcite  showed,  on  analysis  : 

Percent. 

Ca 94.80 

Mg 4.16 

Fc 1.03 

99.99 
TTie  metal  calcium  is  rather  brittle.  On  a  fractured  surface  it  is 
more  brilliant  than  steel,  with  a  gray-white  color.  When  cut  or 
filed,  it  exhibits  a  yellow  tinge,  resembling  German  silver  or  gold 
alloyed  with  a  great  excess  of  silver.  Globules  of  metal  may  be 
freed  from  chloride  with  alcohol  and  then  ground  on  an  emery 
wheel,  when  they  become  very  bright.  If  preserved  under 
petroleum,  their  metallic  luster  is  retained. 

Metallic  calcittm  is  quite  stable.  The  red-hot,  molten  metal  can 
he  stirred  about  in  the  furnace  quite  vigorously,  and  even .  be 
dipped  out  and  poured  back  without  igniting.  If,  however,  some 
of  the  metal  be  collected  on  a  wire  and  struck  smartly  on  the  table, 
it  will  fly  in  all  directions  with  a  hissing  sound  and  bum  violently 
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with  a  blinding  light.  Similar  energetic  action  takes  place  when 
the  hot  metal  comes  in  contact  with  asbestos  or  with  other  re- 
ducible substances. 

The  attempts  to  prepare  strontium  were  not  very  successful.  It 
is  quite  probable  that  the  furnace  will  have  to  be  somewhat  modi- 
fied for  this  purpose  and  also  for  the  isolation  of  barium. 

WlVBRStTY  OF  PSN N8TLVANIA. 


NOTES. 

The  Preparation  of  Oxygen. — The  action  of  dilute  sulphuric 
acid  on  potassium  permanganate  affords  a  satisfactory  method  of 
making  oxygen  in  small  quantities.  The  possibilities  are  well 
known,  but  do  not  appear  to  have  been  utilized  to  that  end  except 
in  connection  with  hydrogen  peroxide. 

The  operation  consists  in  heating  gently  a  mixture  of  potassium 
permanganate  and  an  excess  of  dilute  sulphuric  acid,  in  a  gener- 
ating flask  provided  with  safety  and  delivery  tubes.  As  this  mix- 
ture begins  to  give  off  oxygen  freely  at  50**,  very  little  heat  is 
needed.  The  evolution  of  gas  is  continuous  and  quiet  and  under 
easy  control. 

The  amount  of  oxygen  to  be  obtained  by  this  reaction  is  approx- 
imately represented  b>  the  equation 

2KMnO^  +  HjSO^  =  KaSO^  +  2MnO,  +  H,0  +  3O. 
Ten  grams  of  potassium  permanganate  (treated  with  40-50  cc.  of 
1 14  sulphuric  acid)  give  somewhat  more  than  a  liter  of  oxygen. 

Convenient  and  safe,  this  method  may  be  used  to  advantage  in 
making  oxygen  for  experimental'  purposes  in  courses  in  general 
chemistry.  R.  B.  RiGGS. 

Note  on  the  Effect  of  Combined  Carbon  in  Iron  on  the  Test  for 
Tin. — A  common  test  for  tin  depends  on  the  reducing  action  of 
stannous  chloride  on  mercuric  chloride.  If  iron  be  used  to  reduce 
the  tin,  it  should  not  contain  any  considerable  amount  of  combined 
carbon,  otherwise  a  counterfeit  test  may  be  obtained,  no  tin  being 
present. 

On  making  blank  tests,  it  was  found  that,  when  the  iron  con- 
tained as  much  as  0.2  per  cent,  of  combined  carbon,  its  hydro- 
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chloric  acid  solution  gave,  with  mercuric  chloride,  a  very  pcr- 
cq)tible  cloudy  appearance  in  a  few  seconds.  Some  of  the  iron 
solutions  yielded  heavy  precipitates  at  once. 

The  unsaturated  hydrocarbons,  liberated  by  the  action  of  the 
add  on  the  iron  carbides,  seem  to  be  the  cause  of  this  precipitation, 
and  it  is,  roughly  estimated,  proportional  to  their  odor.  This  odor 
is  moreover  destroyed  by  an  excess  of  mercuric  chloride,  and 
farther,  if  the  solutions  be  previously  heated  until  odorless,  there 
is  no  precipitation. 

Whatever  be  the  cause,  the  action  here  is  one  of  reduction  and 
the  precipitate  formed  is  essentially  mercurous  chloride.  Made 
in  quantity,  it  was  a  dense,  pure  white,  crystalline  substance. 
When  volatilized,  a  slight  black  residue  generally  remained. 
0^592  gram  material  gave  0.27  per  cent.  C.  The  action  of  such 
reagents  as  ammonium  and  potassium  hydroxide,  iodine  and 
potassium  iodide  left  no  doubt  as  to  its  essential  character,  and  a 
dilorine  determination  gave  14.93  per  cent. ;  theory,  15.04  per  cent, 

In  conclusion  it  may  be  said  that,  if  the  iron  gives  more  than  a 
faint  "hydrocarbon  odor"  with  hydrochloric  acid,  its  solution  will 
give  a  pricdpitate  with  mercuric  chloride,  and  so  interfere  with  the 
test  for  tin.  Common  wire  nails  may  generally  be  used.  Although 
their  solutions  have  a  reducing  action,  it  is  usually  very  slight  and 
requires  some  time  to  develop  sufficiently  to  be  recognized. 

R.  B.  RiGGS  AND  E.  S.  Merriam. 
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Tbb  Cbhmistry  op  Pigmbnts.  By  Ernest  J.  Parry  and  John  H. 
Costs.  Pint  edition,  1903.  London :  Scott,  Greenwood  &  Co.  New 
York  :  D.  Van  Nostrand  Co.    375  pages,  illustrated.    Price,  $4.50  net. 

This  volume  treats  of  the  chemistry  of  pigments  used  for 
protective,  decorative  and  artistic  purposes.  A  brief  introduction 
describes  in  a  popular  way  the  elements  of  the  science  of  color, 
the  spectrum  and  absorption  spectra.  In  the  second  chapter  are 
discussed  the  uses  of  pigments,  the  forms  and  combinations  in 
which  they  are  applied,  and  the  mal-influence  of  air,  moisture 
and  gases  on  the  paints.  A  number  of  tests  are  given  that  show 
the  comparative  resistance  of  the  various  paint-skins  to  these 


J 
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agents,  but  there  is  no  mention  of  the  important  precautions  in 
applying  the  paint,  etc.,  whose  neglect  so  often  results  in  unsatis- 
factory or  contradictory  deductions. 

The  following  section  deals  with  the  inorganic  pigments.  Some 
eighteen  pages  are  devoted  to  white  lead  and  its  manufacture. 
The  authors  adopt  the  theory  of  a  chemical  combination  between 
white  lead  and  linseed  oil,  a  point  that  has  been  disputed  by 
several  investigators.  The  iron  oxides,  lead,  chrome  and  copper 
compounds,  and  the  carbon  pigments  are  described  in  turn.  Under 
the  head  of  organic  pigments  are  Prussian  blue  and  the  lakes  of 
carmine,  Brazilwood,  and  other  animal  and  vegetable  colors,  and 
a  number  of  the  coal-^tar  dyes.  An  account  of  indigo  and  some 
minor  organic  pigments  closes  the  volume. 

The  work  can  be  commended  for  what  it  essays,  to  both  the 
general  reader  and  the  chemist  whose  work  is  mainly  in  other 
departments.  The  space  allotted  to  the  description  of  the  various 
pigments  appears,  on  the  whole,  to  be  fairly  well  distributed, 
though  the  paragraphs  on  the  vermillionettes,  red  lead  and  asphalt 
could  have  been  amplified  with  advantage ;  on  the  other  hand,  the 
methods  of  chemical  analysis  of  certain  pigments  might,  well  have 
been  (xnitted,  since  one  competent  to  make  such  analyses  always 
has  access  to  detailed  descriptions  of  the  most  recent  and  approved 
methods. 

The  book  has  a  good  index,  and  the  print  and  binding  are 
satisfactory.  Frank  Julian. 

The  Principlbs  op  Lbathbr  Manufacture.  By  H.  R.  Procter,  F.I.C, 
F.C.S.  London  :  E.  and  F.  N.  Spon,  Limited.  New  York  :  Spon  and 
Chamberlain,  1903.    xvi-f5i2pp.     Price,  I7.50. 

The  well  known  "Text-Book  of  Tanning,"  by  the  same  author, 
having  been  long  out  of  print,  it  was  desirable  to  issue  a  revised 
edition  which,  however,  takes  the  form  of  two  books.  The 
present  volume  contains  a  very  satisfactory  discussion  of  the 
principles  on  which  the  manufacture  of  leather  is  based,  details 
of  working  processes  being  in  the  main  excluded.  Analytical 
processes  and  operations  of  chemical  control  for  the  tannery  are 
found  in  the  volume  already  published  as  the  "Leather  Industries 
Laboratory  Book,"  a  work  now  well  known  to  chemists.  To 
complete  the  series,  a  third  volume,  dealing  with  manufacturing 
processes,  is  desired. 
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b  view  of  our  very  limited  knowledgeofthenatureof thechanges 
involved  in  leather-making,  the  author  specifically  points  out  the 
value,  to  the  tanner,  of  practical  experience  and  acquaintance 
with  his  material.  There  is  a  large  amount  of  very  useful  infor- 
mation to  the  practical  tanner  in  these  pages :  The  effect  on  the 
leather,  of  the  early  treatment  of  the  hide,  such  as  drying,  salting, 
etc;  the  causes  of  injury  to  hides;  the  action  of  hard  water  in 
washing  and  soaking  hides,  and  extracting  tannin ;  the  causes  of 
swelling  by  dilute  acids  or  alkalies,  and  the  shrinking  action  of 
strong  solutions ;  the  nature  of  the  changes  produced  in  bating, 
pnering  and  drenching,  and  the  properties  of  the  various  materials 
used,  are  some  of  the  points  which  are  fully  discussed. 

Chrome  tannage  receives  about  eighteen  pages  of  largely  theo- 
retical discussion,  but  the  intelligent  tanner,  who  has  a  little 
diemical  knowledge,  can  pick  out  of  this  brief  summary  many 
bits  of  valuable  information.  The  importance  of  this  branch  of 
the  industry  would  seem  to  justify  a  somewhat  more  extended 
consideration. 

The  occurrence  and  properties  of  the  vegetable  tanning  mate- 
rials are  fully  described.  The  chapters  on  the  grinding  and  ex- 
tracting of  tanning  materials,  and  their  analysis,  and  the  chemistry 
of  their  action,  contain  many  valuable  hints.  The  chapter  on 
dyes  and  dyeing  is  very  satisfactory,  while  that  on  the  construc- 
tion of  tanneries  will  furnish  useful  data  to  architects  and  builders 
who  may  be  called  on  for  this  kind  of  work.  The  oil  tannages 
and  the  properties  of  fats,  soaps,  waxes,  etc.,  are  all  well  con- 
sidered; also  the  important  items  of  evaporation,  heating  and 
drying;  the  disposal  of  wastes  closes  the  text  proper.  Official 
mediods  of  tanning  analysis,  both  European  and  American,  and 
a  list  of  coal-tar  colors  suitable  for  use  on  leather,  constitute  the 
Aree  appendices.  Frequent  foot-note  references  to  original  papers 
Aroughout  the  text  add  greatly  to  the  convenience  and  value  of 
the  book. 

Numerous  illustrations  are  scattered  throughout  the  book  and 
Ae  plates  are  noticeably  clear  and  sharp,  but  some  of  the  half- 
tone pictures  from  photogra{>hs  are  unsatisfactory ;  a  comparison 
between  Figs.  28,  29  and  42a,  with  Figs.  31  and  32,  e.g.,  leaves 
oucfa  to  be  desired  in  the  former  cases.    The  reference  to  Fig. 
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29  on  page  223  is  evidently  a  misprint,  and  the  paragraph  is 
somewhat  obscure.  The  typography  and  general  make-up  of  the 
book  is  good.  The  literature  of  tanning  has  long  needed  such  a 
work  as  this. 

The  importance  of  technical  education  for  tanners  is  now  gen- 
erally recognized,  and  the  appearance  of  this  work  by  one  who 
is  an  acknowledged  authority  and  leader  in  this  educational  move- 
ment, will  doubtless  further  elevate  the  technical  school  in  the  esti- 
mation of  successful  tanners.  F.  H.  Thorp. 

The  Praxis  op  Urinary  Analysis.  A  Guide  to  the  Chemical  Analy- 
sis of  Urine.  By  Dr.  Lassar-Cohn.  Authorized  English  translation 
by  Dr.  H.  W.  F.  Lorenz.  New  York  :  John  Wiley  and  Sons.  1903. 
58  pp.     Price,  Ji.oo. 

This  little  book  is  printed  on  very  heavy  paper,  almost  card- 
board thickness,  and  heavily  leaded  to  increase  apparent  size.  It 
contains  a  few  of  the  simplest  qualitative  reactions  employed  by 
physicians  in  the  analysis  of  urine  and  directions  for  three  quanti- 
tative determinations.  These  are  so  meager,  however,  that  they 
are  of  no  practical  use.  In  addition  to  the  urine  tests,  a  few  pages 
are  devoted  to  the  analysis  of  stomach  contents.  The  amount  of 
practical  information  contained  in  the  book  is  so  small  that  it  can 
not  be  recommended  to  students  or  practitioners  of  medicine.  The 
English  of  the  translation  is  not  always  good.  J.  H.  Long. 

A  Text-Book  of  Volumetric  Analysis.  With  special  reference  to  the 
volumetric  processes  of  the  pharmacopoeia  of  the  United  States.  De- 
signed for  the  use  of  pharmacists  and  pharmaceutical  students.  By 
Henry  W.  Schimpp,  Ph.G.»  M.D.  New  York  :  John  Wiley  and  Sons. 
1895.  Fourth  edition.  60  figures.  i2mo.  xxiii  -f  553  pp.  Cloth. 
Price,  I2.50. 

As  the  title  suggests,  this  work  is  intended  exclusively  for 
the  use  of  pharmacists,  and  its  appearance  in  a  fourth  edition  gives 
evidence  that  it  meets  a  need  of  those  for  whom  it  is  written  to  a 
greater  degree,  in  some  respects,  at  least,  than  any  other  available 
book.  Its  merit  lies  chiefly  in  the  variety  of  methods  offered,  a 
direction  in  which  most  texts  on  the  subject  are  deficient. 

It  is  a  collection  of  receipts  for  volumetric  analysis  and  is  almost 
wholly  lacking  in  explanatory  matter  or  in  any  exposition  of  the 
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reasons  for  doing  things  in  one  way  rather  than  in  another.  The 
few  explanations  given  are  often  inaccurate  or  positively  incor- 
rect As  an  instance  of  this,  the  statement  is  made  (p.  183)  that 
sulphurous  acid  must  be  diluted  to  0.04  per  cent,  before  titrating 
it,  "for  if  it  is  not  sufficiently  diluted  there  is  risk  of  the  sulphuric 
add  formed,  being  again  reduced  to  sulphurous,  with  liberation  of 
iodine,  thus  causing  irregular  results."  This  explanation  has,  of 
course,  been  exploded  long  ago.  If  true,  it  would  mean  that  sul- 
phuric acid  of  a  dilution  corresponding  to  0.04  per  cent,  of  sul- 
phurous add  has  an  oxidizing  action  on  potassium  iodide  and  is 
reduced  by  it,  a  state  of  things  which  every  chemist  knows  does 
not  exist. 

The  directions  are  not  always  couched  in  the  clear  and  pure 
English  that  one  may  properly  expect  to  find  in  a  text  intended 
for  student  use;  witness  the  following  sentence  taken  at  random 
from  page  478.  "Warm  the  mixture  ....  and  add  ....  iodine 
solution  from  a  burette  until  the  brown  color  of  the  iodine  solution 
is  no  longer  decolorized  and  the  mixture  in  the  flask  assumes  a 
pennanent,  brownish  yellow  color,  and  upon  shaking  deposits  a 
red-colored  precipitate  if  much  carbolic  acid  is  present."  Com- 
ment is  unnecessary. 

On  the  same  page,  the  name  of  the  well-known  chemist  Vort- 
mann  appears  as  "Wortmann,"  and  the  source  of  a  paper  which 
was  published  in  the  Berichte  is  given  as  "Pharm.  Zeit.  f.  Russ- 
land."  Perhaps  it  was  Russian  influence  that  changed  the  V  to 
iW! 

The  method  of  titrating  iodides  by  a  mercuric  chloride  solution, 
due  to  Personne,  is  described  without  a  word  regarding  the  pre- 
cautions which  must  be  observed  to  obtain  even  tolerably  correct 
results.  The  book  shows  throughout,  with  the  exception  of  Chap- 
ter LXII  relating  to  the  determination  of  alkaloids,  abundant  evi- 
dence of  beings  a  compilation  from  other  text-books  rather  than 
from  original  sources.  The  illustrations  leave  something  to  be 
desired,  both  as  to  execution  and  design.  It  seems  to  the  reviewer 
scarcely  necessary  to  introduce  a  cut  of  a  liter-flask,  unless  some 
point  regarding-  the  model,  etc.,  is  to  be  elucidated.  The  picture  of 
a  liter-flask  in  the  text  bears  the  inscription  "14.°  R." ! 

Launcelot  W.  Andrews. 
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In  the  paper  by  Albert  P.  Sy  on  *'  A  New  Test  for  the  Stabil- 
ity of  Nitrocellulose  Powders/'  the  following  corrections  should 
be  inserted : 

On  page  565, >r  Fig.  7,  read  Fig.  10. 
**      **     567,  line  5,/^r  Fig.  i  r^ftf^Fig.  10. 
*'      *'     567,/^  Fig.  8  read  Fig.  7. 
**      *'     b^^y/or  Fig.  9  read  Fig.  8. 
"      **     5^^,  for  Fig.  10  read  Fig.  9. 
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THE  USB  OF  A  MERCURY  CATHODE  IN  ELECTROCHEM- 
ICAL ANALYSIS. 

By  HDOA&  P.  Smith. 

Rccdred  June  aC.  1903. 

Tub  suggestion  of  precipitating  metals  in  the  form  of  amalgams 
was  first  made  (1880)  by  Wolcott  Gibbs,^  who  described  a  new 
scheme  ior  the  electrolytic  determination  of  metals,  before  the 
National  Academy  of  Sciences,  in  which  scheme  he  recommended 
iretgfiing  out  in  a  small  beaker  a  definite  amount  of  metallic  mer- 
cury which  was,  by  means  of  a  platinum  wire,  connected  with  a 
battery  and  made  the  cathode,  while  in  the  salt  solution,  contained 
in  the  beaker,  was  suspended  a  strip  of  platinum,  serving  as  the 
anode.     The  currents  used  varied  greatly  in  streng^th.    Salts  of 
mercury,  tin  and  cobalt  were  apparently  decomposed,  their  re- 
spective metals  being  precipitated  upon  or  in  the  mercury  cathode. 
Quantitative  results  do  not  appear.    The  author  of  this  method  be- 
fieved  that  possibly  sodium  and  potassium  might  be  separated  in 
this  manner  and  Professor  Hunt  remarked  that  the  ''process  came 
widi  the  beauty  and  force  of  a  revelation." 

1  Ckm.  N!tms,  49.  a9>* 
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Three  years  later  (1883)  Wolcott  Gibbs*  again  directed  atten- 
tion to  "the  employment  of  mercury  as  n^ative  electrode,  the 

positive  electrode  being  a  plate  of  platinum It  was 

found  possible  to  separate  iron,  cobalt,  nickel,  zinc,  cadmium  and 
copper  so  completely  from  solutions  of  the  respective  sulphates 

that  no  trace  of  metal  could  be  detected  in  the  liquid the 

author  had  in  view  both  the  determination  of  the  metal  by  the 
increase  in  weight  of  the  mercury,  and  in  particular  cases  of  the 
molecule  combined  with  the  metal,  either  by  direct  titration  or  by 
known  gravimetric  methods."  The  experiments  were  purely  quali- 
tative, such  being,  in  the  author's  opinion,  sufficient  to  establish 
the  correctness  of  the  principle  involved. 

In  1886  Luckow,"  cognizant  of  the  difficulties  attending  the  de- 
termination of  zinc  in  the  electrolytic  way,  described  a  course  for 
this  purpose  which  consisted  in  weighing  out  in  a  platinum  dish 
a  quantity  of  metallic  mercury  or  its  oxide,  introducing  the  zinc 
salt  sohition  and  then  electrolyzing,  when  the  zinc,  combined  with 
the  mercur}',  spread  over  the  inner  surface  of  the  dish  as  a  beauti- 
ful, adherent  amalgam. 

Nothing  further  was  done  towards  the  development  of  the  ideas 
outlined  in  the  preceding  paragraph  until  1891,  when  Vortmann* 
described,  at  considerable  length,  the  determination  of  several 
metals  in  the  form'  of  amalgams.  His  plan  consisted  in  adding  a 
weighed  quantity  of  mercuric  chloride  to  the  solution  of  the  salt 
to  be  electrolyzed,  the  metals  being  then  precipitated  together. 
The  results  were  quite  interesting  and  seemed  to  offer  decided 
advantages,  but  later  experience  demonstrated  that,  except  in  a 
few  cases,  this  method  of  analysis,  as  elaborated  by  Voftmann, 
was  in  nowise  superior  to  the  usual  procedure  in  determining 
metals  electrolytically. 

A  few  months  later,  in  the  same  year  (1891),  Drown  and 
McKenna,*  striving  to  find  a  method  suitable  for  the  estimation 
of  small  amounts  of  aluminum  in  the  presence  of  a  preponderance 
of  iron,  had  recourse  to  the  suggestion  of  Wolcott  Gibbs.  They 
accordingly  weighed  a  beaker  containing  a  layer  of  mercury  (the 
cathode) ,  and  introduced  into  the  solution  of  the  metals  a  platinum 
plate  (the  anode).    The  current  was  allowed  to  act  through  the 

>  Am.  Chem.J.,  ij,  571.  "^ 

s  Chemiker-Zritung,  9,  338  and  Ztschr.anal.  Chem.,  35,  113. 

*  Ber.  d.  chem.  Ga.,  34,  2749. 

*y.  anal.  Chem.,  3,  627. 
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ni^t  and  the  iron  was  completely  precipitated  in  the  mercury. 
The  aluminum  remained  in  the  slightly  acidulated  solution.  These 
demists  encountered  several  difficulties  in  pursuing  this  course. 
The  platinum  wire  projecting  into  the  mercury  often  had  iron 
precipitated  upon  it,  so  that  it  became  necessary  to  weigh  the  wire, 
enclosed  in  a  glass  tube,  together  with  the  beaker  of  the  mercury. 
Further,  much  annoyance  was  experienced  in  the  efforts  to  dry 
the  amalgam  and  obtain  constant  weights. 

The  preceding  paragraphs  comprise  all  that  is  to  be  found  in 
die  literature  of  electrochemical  analysis,  relating  to  amalgams 
and  the  use  of  mercury  as  a  cathode  in  metal  precipitations. 

The  thought  of  the  writer  had  many  times  dwelt  upon  the  facts 
mentioned  above  until  at  length  it  was  determined  to  conduct  a 
series  of  experiments  with  mercury  as  cathode,  to  establish  two 


Fig.  I. 

points :  (a)  The  determination  of  the  negative  radical  in  various 
salts  as  well  as  the  metals  combined  with  them,  and  (b)  the  possi- 
bility of  effecting  the  separation  of  certain  metals. 

To  this  end,  practically  the  same  device  as  that  used  by  Drown 
and  McKenna  was  adopted.  Into  the  mercury,  serving  as 
cathode,  there  extended  a  glass  tube  from  the  lower  end  of  which 
projected  a  carbon  pencil,  i  nun.  in  length.  This  pencil  of  carbon 
was  preferable  to  the  platinum  wire;  metals  did  not  adhere  to  it 
and,  therefore,  it  was  not  necessary  to  weigh  it  together  with  the 
keakcr  and  the  mercury.    The  glass  tube  was  nearly  full  of  mer- 
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cury,  into  which  dipped  a  copper  wire  connected  with  the  negative 
binding-post.    Such  was  the  form  of  apparatus  first  used. 

I.     KLECTROLYSIS  OF  SULPHATES. 

The  sulphate  first  chosen  was  that  of  copper.  A  weighed 
amount  of  the  salt  was  dissolved  in  water;  the  volume  of  its 
solution,  when  introduced  into  the  apparatus  mentioned  above, 
equaled  about  50  cc.  It  was  electrolyzed  at  the  normal  tempera- 
ture with  the  conditions  given  below.  Sometimes  during  the 
electrolysis  "copper  trees"  appeared  on  the  surface  of  the  mercury 
cathode  (22  sq.  cm.  in  area).  They  disappeared  on  gently  shak- 
ing the  beaker.  This  agitation  was  sufficient  to  make  them  amal- 
gamate. When  the  liquid  had  become  colorless,  it  was  carefully 
siphoned  into  a  beaker,  its  place  being  taken  by  distilled  water. 
The  washings  accumulated  in  this  manner  equaled  about  500  cc. 
The  current  was  then  interrupted.  The  sulphuric  acid  in  the 
liquid  conveyed  away  by  the  siphon  was  determined  by  titration 
with  a  tenth-normal  sodium  carbonate  solution.  The  mercury 
cathode  containing  the  copper  was  dried  first  with  bibulous  paper 
and  then  by  standing  for  a  number  of  hours  over  sulphuric  acid, 
after  which  it  was  weighed. 


Is       <  5        5        5       5      S       £       X       S      S 

1  5     0.02-0.10  2.25-5.0  0.1512  0.1495  25.30  25.02  0.2353  0.2355  38.55  38.50 

2  3^  0.08-0.12  4-25-5.5  0.1512  0.1499  25.30  25.08  0.2352  0.2347  38.55  38.47 

3  4j4  0.08-0.12    3.5-4.0  0.3024  0.3002  25.30  25.U  0.4704  0.4694  38.55  38.47 

4  4>i  0.10-0.13    4.0-4.5  0.3024  0.2986  25.30  25.00  0.4704  0.4723  38.55  38.80 

The  anode  in  Experiments  i,  2  and  3  was  a  strip  of  platinum  foil, 
while  in  Experiment  4  it  was  a  spiral  of  platinum. 

It  will  be  observed  that,  so  far  as  the  results  are  concerned, 
those  relating  to  the  metal  fall  below  the  theoretical  requirement, 
while  in  the  case  of  those  bearing  upon  the  acid  they  approximate 
theory  more  closely.  Difficulty  was  experienced  in  drying  the 
amalgam.  Drown  and  McKenna  had  the  same  trouble.  It  seemed 
at  first  that  it  might  prove  detrimental  to  the  general  adoption  of 
the  method  in  ordinary  analysis.  It  was,  however,  successfully 
overcome,  for  it  was  found  that  the  amalgam  could  be  washed 
with  alcohol  and  ether,  thus  removing  the  final  traces  of  water. 
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and  that  not  more  than  fifteen  minutes  would  then  be  necessary 
for  the  drying  of  the  metal.  A  number  of  carefully  conducted 
tests  established  this  point.  Mr.  W.  M.  Howard  of  this  laboratory 
also  devised  the  following  plan  to  eliminate  the  use  of  the  anode 
of  Drown  and  McKenna,  as  well  as  the  carbon  pencil. 


a^yUatinum  mire 
h^rnercunr 

Pig.  2. 
It  is  an  extremely  simple  contrivance,  consisting  of  a  small 
beaker  (50  cc.  capacity),  near  the  bottom  of  which  there  is  intro- 
duce, through  the  side,  a  thin  platinum  wire.  Internally  it  dips 
into  the  mercury,  while  externally  it  touches  a  disk  of  sheet-copper 
on  which  the  beaker  rests  and  which  is  connected  with  the  negative 
electrode  of  a  cell,  thus  making  the  mercury  the  cathode.  By 
adopting  this  device  and  by  washing  the  amalgam  with  alcohol 
and  ether,  the  two  chief  disturbing  factors  were  removed.  Thus, 
on  subsequently  electrolyzing  a  copper  sulphate  solution  contain- 
ing 22.61  per  cent.  Cu  and  41.20  per  cent.  SO^,  there  was  obtained 

(a)  2i.6x  percent.  Cu 41.23  per  cent.  SO4. 

(^)  21-70   *'      •'      "  41.23  ••       **       *' 

and  on  substituting  a  nickel  sulphate  solution,  using  a  current  of 
OJO5  to  0.06  ampere  and  4  volts,  the  results  were 
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30.41  per  cent.  Ni 50.75  per  cent.  SO4. 

30.40  "   •*   **  50.76  ••   " 

while  the  theoretical  requirements  were 

30.40  per  cent.  Ni 50.70  per  cent.  SO4. 

With  zinc  sulphate,  a  current  of  0.26  ampere  and  6  volts  acted 
for  six  hours,  giving 

{a)  24.27  per  cent.  Zn 36.71  per  cent.  SO*. 

(d)  24.37  *'      **      "   36.61   •*      *«       ** 

while  the  quantities  present  were 

24.30  per  cent.  Zn 36.60  per  cent.  SO*. 

In  sphalerite,  the  zinc  determined  volumetrically  equaled  65.7 
per  cent.,  while  a  second  portion  of  the  same  mineral  rapidly  de- 
composed with  nitric  acid  and  evaporated  with  hydrochloric  add, 
furnished  a  solution,  which  on  electrolyzing  with  a  mercury  cath- 
ode showed  65.6  per  cent.  Zn. 

In  ferrous  ammonium  sulphate,  electrolyzed  in  the  same  fashion, 
the  following  percentages  of  iron  were  found :  14.26,  14.28,  I4.33, 
14.19,  14.25  per  cent.,  the  theoretical  being  14.28  per  cent. 

Additional  data  might  be  given  to  show  that  with  a  mercury 
cathode  it  is  possible  to  electrolyze  sulphates  like  those  mentioned 
above  and  thus  determine  both  the  metals  and  the  molecules  with 
which  they  were  in  combination.  It  is  needless  to  add  that  from 
such  metals  phosphoric  acid,  also,  might  be  easily  separated  and 
determined  in  this  way. 

For  quite  a  while  the  writer  had  been  striving  to  effect,  in  the 
electrolytic  way,  the  separation  of  iron  from  uranium.  On  ob- 
serving the  readiness  and  completeness  of  the  precipitation  of 
iron  in  the  mercury,  steps  were  at  once  taken  to  try  this  method 
in  the  hope  of  effecting  the  above  separation.  One-tenth  of  a 
gram  of  each  metal  was  present  in  the  solution  in  the  form  of 
sulphate.  To  this  was  added  0.25  cc.  of  50  per  cent,  sulphuric 
acid  and  the  liquid  then  electrolyzed  with  a  current  of  0.25  to  0.5 
ampere  and  6  to  8  volts  for  four  and  one-half  to  five  hours.  The 
iron  was  precipitated  free  from  uranium.  The  separation  was 
repeated  several  times  with  like  satisfactory  results.  It  may  also 
be  added  that  quantitative  separations  of  iron  from  titanium,  from 
zirconium  and  itom  thorium  were  made  and  the  results  were  most 
satisfactory.    In  these  separations  the  pressure  did  not  exceed  5 
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folts  with  a  cathode  surface  of  22  sq.  cm.  The  precipitation  of 
die  iron  was  finished  in  five  hours,  although  several  trials  were 
conducted  through  the  night.  The  ordinary  temperature  pre- 
nfled  in  the  separations.  The  quantity  of  each  metal  present  was 
ai  gram.  The  found  percentages  of  iron  from  titanium  were 
14.15,  14.20  and  14.21  per  cent.;  of  iron  from  zirconium,  14.28 
and  1442  per  cent.;  of  iron  from  thorium  14.31,  14.38  and  14.32 
per  cent.,  instead  of  the  required  14.28  per  cent. 

11.     THE  ELECTROLYSIS  OF  METALUC  NITRATES. 

Having  ascertained  that  sulphates  could  be  completely  analyzed 
as  indicated  in  the  preceding  paragraphs,  it  was  only  natural  to  turn 
to  nitrates.  Previous  experience  had  taught  that  in  such  cases  the 
add  radical  instead  of  being  released  as  such  was  reduced  to  ammo- 
nia. But  this,  it  was  believed,  could  be  readily  estimated  if,  before 
oommencing  the  electrolysis  of  the  nitrate,  a  definite  volume  of  sul- 
phuric acid  of  known  strength  should  be  added.  When  the  elec- 
trolysis was  finished,  the  free  residual  sulphuric  acid  could  be 
titrated  and  the  difference  between  its  quantity  and  that  originally 
introduced  would  give  a  difference  which  was  combined  with  the 
anmionia.  It  would  be  a  mere  matter  of  calculation  to  arrive  at 
the  quantity  of  nitric  acid  previously  combined  with  the  metal. 
Guided  by  this  thought  a  trial  was  instituted.  The  theoretical 
amount  of  metal  was  deposited  in  the  mercury  cathode,  but  upon 
titrating  the  sulphuric  acid  a  volume  of  tenth-normal  sodium  car- 
bonate equivalent  to  it  was  not  only  consumed,  but  in  addition  a 
volume  sufficient  to  neutralize  the  nitric  acid  in  union  with  the 
metal.  In  other  words,  the  nitric  acid  had  not  been  reduced  to 
ammonia.  It  will  be  recalled  that  Vortmann^  described  a  method 
for  the  determination  of  nitric  add  which  ccmsisted  in  reducing 
Ae  add  to  ammonia  in  the  presence  of  copper  sulphate  and  sul- 
phuric acid.  This  knowledge  led  to  several  repetitions  of  the 
experiment  with  like  results,  vis.,  complete  precipitation  of  the 
metal  and  liberation  of  the  nitric  add.  Nickel  nitrate  was  the  salt 
more  particularly  studied,  although  other  nitrates  showed  a  like 
behavior: 

NldcclpreMat        Mkkel  found.  NCb  present.  NOa  found. 

Percent.  Percent.  Percent.  Percent. 

ao.a7  ao.o6  4i-6i  42.24 

•  ...  ^'^  ""  42.03 

....  20.28  ..••  ,          41-70 

....  20.2S  •  •  •  •.  •••• 

1  Btr.  d.  cMem.  ^0.,  9  J,  >798. 
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These  results  were  obtained  with  a  current  of  0.1  to  0.2  ampere 
and  3  to  3.5  voits.  The  time  allowed  was  six  hours.  Search  was 
made  for  ammonium  salts  but  none  were  found,  from  all  of  which 
it  would  appear  that  the  mercury  cathode  allowed  of  the  complete 
determination  of  the  acid  and  metal  portions  of  nitrates,  as  well  as 
of  sulphates. 

III.      ELECTROLYSIS  OF  HALIDES. 

Could  the  haloid  acids  be  similarly  determined?  Several  years 
ago  Vortmann^  published  an  account  of  the  estimation  of  iodine 
in  potassium  iodide.  Later  Specketer^  announced  an  electrolytic 
separation  of  the  halogens.  In  neither  instance  was  the  estimation 
of  the  associated  metal  considered. 

To  begin,  the  writer  set  himself  the  problem  of  determining  the 
sodium  and  the  chlorine  in  ordinary  salts.  The  small  beaker, 
pictured  on  p.  887,  was  used.  At  first,  silver-plated  strips  of 
platinum  were  made  to  serve  as  anodes.  Very  soon  it  was  found 
that,  as  silver  chloride  was  produced  on  these  plates  and  loss  took 
place  in  the  drying  of  the  same,  anodes  of  platinum  gauze  coated 
with  silver  would  answer  better.  It  very  shortly  became  evi- 
dent that  the  chlorine  was  quantitatively  deposited  on  these 
anodes.  The  method  of  procedure  then  became  this:  About  50 
grams  of  pure  mercury  were  put  into  the  beaker,  which  was  then 
weighed.  The  aqueous  solution  of  a  weighed  amount  of  salt  was 
introduced,  the  volume  of  liquid  equaling  about  40  cc.  In  this 
solution  the  weighed,  silver-coated,  platinum  gauze  was  suspended. 
The  current  was  then  permitted  to  pass  at  the  ordinary  tempera- 
ture. Almost  immediately  the  silver  began  to  darken  in  color 
from  the  lower  edge  of  the  gauze  upwards.  When  this  ceased, 
the  decomposition  was  assumed  to  be  at  an  end,  whereupon  the 
gauze  was  raised  from  the  solution,  rinsed  with  water  and  further 
washed  with  alcohol  and  ether.  It  was  weighed  after  drying  for 
a  short  time.  For  the  gauze,  a  platinum  spiral  was  substituted  in 
the  residual  liquor  in  the  beaker ;  the  current  was  reversed,  the 
layer  of  mercury  being  made  the  anode,  when  the  sodium  was 
rapidly  driven  into  the  water.  All  this  occupied  about  twenty 
minutes,  after  which  the  alkaline  liquor  was  titrated  with  stand- 
ardized acid. 

>  Zisekr,  EUctrockem.^  i,  137 ;  a,  169. 
*  Ztschr.  Elecirochem.^  4,  539. 
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A  solution  of  salt,  containing  0.0606  gram  of  chlorine  and  0.0390 
grain  of  sodium,  gave : 

Cl.  Na. 

Nmnber.  Gram.  Gram. 

I 0.0606  0.0389 

2 0.0610  0.0384 

Six  hours  were  allowed  for  the  decomposition.     The  current 
showed  0.0325  to  0.03  ampere  and  2  volts. 

On  electrolyzing  a  solution  of  barium  chloride,  in  the  same  way, 
there  were  obtained 


Ba. 

Cl. 

Ba. 

Cl. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

55.87 

28.69 

instead  of 

56.14 

29.09 

56.07 

29.31 

.... 

.... 

Strontium  bromide  was  analyzed  with  just  as  much  success. 
The  same  is  true  of  other  halides.  Perhaps  it  may  be  well  to  add 
that  both  sodium  chloride  and  barium  chloride  were  electrolyzed 
successfully  without  the  use  of  the  mercury  cathode.  A  flat, 
platinum  spiral  was  made  to  take  its  place.  The  alkaline  liquor, 
observing  proper  current  conditions,  did  not  interfere  with  the 
deposition  of  the  halogen  upon  the  silver  gauze.  The  thought 
occurred  that  in  this  bdiavior  there  was  a  method  of  preparing 
caustic  if  only  some  other  metal  than  silver  could  be  applied  as 
anode  to  take,  up  the  chlorine.  Numerous  experiments  in  this 
Section  were  made,  but  they  resulted  negatively. 

In  this  work  the  writer  had  the  aid  of  Messrs.  William  Blum, 
Raymond  Wells,  W.  M.  Howard,  and  Claude  Poole,  to  each  of 
whom  his  thanks  are  here  expressed. 

In  conclusion  it  may  be  remarked  that  the  hints  which  have  been 
developed  by  this  use  of  a  mercury  cathode  are  numerous.  The 
separations  of  iron  from  uranium,  titanium,  zirconium  and  thoriiun 
point  to  other  possibilities  where  this  metal  is  separated  with  diffi- 
culty, more  especially  the  rare  earth  metals.  Further,  there  is  a 
noticeable  difference  in  the  decomposition  pressure  of  bromides 
of  the  alkaline  earth  metals,  so  that  it  would  seem  as  if  in  a  mix- 
ture of  them  this  method  would  yield  sharper  determinations  than 
we  are  by  force  of  circumstances  obliged  to  accept.  The  analysis 
of  barium  chloride  or  of  common  salt  in  the  electrolytic  way  was 
not  dreamed  of  in  the  years  of  the  development  of  electrochemical 
analysis.  In  1 865  the  metal  copper  was  first  determined  elec- 
trolytically.     Since  then  many  other  metals  Have  been  brought 
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into  the  circle  of  experimentation,  but  it  is  only  now  in  the  pres- 
ent— ^  period  nearly  forty  years  later — ^that  interest  is  being  taken 
in  the  determination  of  acidulous  groups  by  the  help  of  the  current. 
To  the  writer,  the  possibilities  that  suggest  themselves  with  other 
halides  than  those  of  the  alkali  and  the  alkaline  earth  metals  seem 
great,  and  it  is  his  hope  that  he  may  be  permitted  to  continue 
studies  in  this  direction  for  a  little  while  longer. 

UXIVERBITY  OF  PEXXSVLVAXIA. 
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The  purpose  of  this  communication  is  to  submit  the  results 
obtained  in  tr}ing  to  effect  the  separation  of  silver,  mercury  and 
copper  from  selenium  and  tellurium.  These  gaps  in  electrochemi- 
cal analysis  existed  with  two  exceptions,  viz,,  silver  from  selenium, 
and  copper  from  tellurium,  and  as  the  separations  were  needed 
both  for  practical  reasons  and  also  to  extend  and  complete  the 
possible  range  of  applicability  of  the  current  in  analysis,  they  were 
tried  with  evident  success,  as  shown  in  the  sequel. 

SILVER  from  selenium. 

(a)  In  Alkaline  Cyanide  Solution. — In  the  Zeitschrift  fiir 
anorganische  Chemie,  31,  393  and  This  Journal,  25,  225,  appeared 
Meyer's  account  of  a  method  of  determining  the  atomic  weight  of 
selenium,  which  consisted  in  electrolyzing  sliver  selenite  in  cyanide 
solution.  The  results  were  so  very  concordant  that  there  can  be 
little  question  as  to  the  completeness  of  the  separation  of  the  two 
metals.  \\'orking  conditions  were  not  given  by  Meyer,  hence  it 
was  thought  advisable  to  give  those  which  in  this  laboratory 
proved  very  satisfactor\'  for  this  particular  separation.  They  ap- 
pear in  the  following  lines : 

Silver  present o.  1341  gram. 

Sodium  selenate  present 0.2500  gram. 

Potassium  cyanide 3  grams. 

Total  dilution 150  cc. 

N.  D]oo  0.02  ampere. 

Pressure 2.5  volts. 

Temperature 60®  C. 

Time 6  hours. 

Silver  found o.  1333  gram. 
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In  another  trial,  with  conditions  like  those  just  described,  the 
silver  which  was  precipitated  weighed  0.1334  gram.  These  slight 
(fiffcrenccs  from  the  required  amount  of  metal  seemed  to  show 
that  perhaps  the  current  might  well  be  increased  toward  the  end 
of  the  experiment.  This  was  done  in  two  instances,  from  0.03 
ampere  and  2.5  volts  to  0.05  ampere  and  3.5  volts.  In  conse- 
quence, the  precipitated  silver  weighed  0.1340  gram  instead  of 
0.1341  gram ;  further,  the  period  of  precipitation  was  reduced  to 
three  hours.  The  deposit  of  silver  was  pure  white  in  color.  The 
washing  and  drying  were  performed  as  so  frequently  mentioned 
in  fomier  accounts  of  silver  determinations,  and  the  details  need 
not  be  given  here. 

(b)  In  Nitric  Acid  Solution, — The  separation  proving  to  be 
most  satisfactory  in  an  alkaline  cyanide  solution,  the  next  step  was 
to  ascertain  what  would  result  in  conducting  it  in  the  presence  of 
an  acid.   The  following  conditions  prevailed : 

Silver  present 0.1341  gram. 

Sodium  aelenate  present 0.2500  gram. 

Nitric  acid  (sp.  gr.  1.43) i  cc. 

Total  dilution 150  cc. 

N.D|M 0.015  ampere. 

Preasure 1.25  to  2  volts. 

Temperature 60®  C. 

Time 3  hours. 

The  silver  deposit  weighed  0.1342  gram.  It  was  perfectly  adher- 
ent and  crystalline  in  appearance. 

SltVER  FROM  TELLURIUM. 

(a)  In  Alkaline  Cyanide  Solution. — It  was  believed  that  no 
<lifficulty  would  be  met  in  making  this  separation  with  conditions 
Jimilar  to  those  pursued  with  silver  from  selenium  in  the  same 
electrolyte.  They  were  therefore  tried.  The  precipitation  of  the 
silver  proceeded  very  satisfactorily  for  an  hour  or  more,  then  the 
deposit  commenced  to  grow  dark  in  color,  and  very  soon  black 
Jakes  appeared  as  a  scum  on  the  surface  of  the  liquid  and  on  the 
tieposit  as  well.  This  behavior  was  always  noticed,  so  that  the 
efforts  in  this  direction  were  abandoned.  The  attempt  to  separate 
nicrcury  and  copper  from  tellurium  in  cyanide  solutions  also  re- 
cited n^;atively.  As  will  be  observed  below,  their  separation 
from  selenitmi  was  most  successful.  By  analogy,  it  would  be  ex- 
pected that  if  silver,  mercury  and  copper  could  be  separated  from 
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selenium  in  an  alkaline  cyanide  bath,  their  separation  irom  tellu- 
rium probably  ought  to  follow  as  well  under  similar  conditions. 
Here  it  did  not.    It  is  only  another  instance  of  cases  where  experi- 
ment alone  can  give,  the  true  answer. 
(&)  In  Nitric  Acid  Solution. — 

Silver  present 0.1341  gram. 

Sodium  tellurate  present 0.1344  gram. 

Nitric  acid  (sp.  gr.  1.43) i  cc. 

Dilution  150  cc. 

N.D,oo  o.oi  to  0.015  ampere. 

Pressure 1.25  to  2.0  volte. 

Temperature 60®  C. 

Time 3  M  hours. 

The  white  crystalline  deposit  weighed  0.1344  gram. 

In  a  second  trial  with  like  conditions  the  precipitated  silver 
weighed  0.1341  gram. 

MERCURY  FROM  SELENIUM. 

(a)  In  Alkaline  Cyanide  Solution. — The  example  which  follows 
demonstrated  the  applicability  of  the  method : 

Mercury  present 0.1272  gram. 

Sodium  selenate  present 0.2500  gram. 

Potassium  cyanide i  gram. 

Dilution 150  cc. 

N.Djoo 0.03  ampere. 

Pressure 3  volte. 

Temperature 60®  C. 

Time 5  to  6  hours. 

Mercury  found 0.1276  gram. 

(b)  In  Nitric  Acid  Solution. — The  conditions  observed  in  the 
separation  of  silver  from  selenium  will  give  most  satisfactory  re- 
sults here. 

MERCURY  FROM  TELLURIUM. 

As  previously  observed,  this  electrolytic  separation  is  not  possi- 
ble in  an  alkaline  cyanide  solution.    It  only  remained,  therefore,  • 
to  ascertain  whether  it  could  be  performed  in  a  nitric  acid  solution. 
The  trials  were  successful.    One  example  will  suffice  to  illustrate 
the  most  favorable  conditions : 

Mercury  present 0.1272  gram. 

Sodium  tellurate  present 0.2500  gram. 

Nitric  acid  (sp.  gr.  1.43)  3  cc. 

Dilution 150  cc. 
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N.DiM  ^'^  ^  ^-^5  Ampere. 

Pressure 2  to  2.25  volts. 

Temperature 60®  C. 

Time 5  hours. 

Mercury  found o.  1276  g^ram. 

COPPER  PROM  SELENIUM. 

(a)  In  Alkaline  Cyanide  Solution. — Two  trials  were  made  with 
conditions  as  follows : 

Copper  present 0.0745  gram. 

Sodium  selenate  present 0.2500  gram. 

Potassium  cyanide i  gram. 

Dilution 150  cc. 

N.D,«o  0.2  ampere. 

Pressure 3-5  to  4  volts. 

Temperature 60**  C. 

Time 5  hours. 

^^^'PP^'^''""^ \(d)  0.0742  gram. 

(b)  In  Nitric  Acid  Solution. — ^Just  as  in  previous  cases,  all  the 
results  will  not  be  given  here.  The  conditions  which  proved  most 
satisfactory  were  these : 

Copper  present 0.0745  gram. 

Sodium  selenate  present 0.2500  gram. 

Nitric  add  (sp.  gr.  1.43) i  cc. 

Dilution 150  cc. 

N.D|M 0.05  to  0.08  ampere. 

Pressure 2  to  2.5  volts. 

Temperature 65®  C. 

Time 4  hours. 

Copperfound IS''TI*""' 

*^*^  1(d)  0.0738  gram. 

(c)In  Sulphuric  Acid  Solution. — The  quantities  of  copper  and 

selenium  present  were  the  same  as  in  the  preceding  separations. 

One  cc.  of  ccmcentrated  sulphuric  acid  was  added  and  the  solution 

was  electrolyzed  with  N.Dioo  =  o-05  to  o.io  ampere  and  2  to 

2.25  volts  at  a  temperature  of  65  "^  C.     The  precipitated  copper 

weighed  0.0743  gram  instead  of  0.0745  gram.    The  precipitation 

was  finished  in  less  than  six  hours. 

COPPER  PROM  TELLURIUM. 

The  separation  of  these  metals  in  cyanide  solution,  as  already 
observed,  failed.  In  nitric  acid  solution,  they  have  been  separated 
with  perfect  satisfaction.^  It  remained,  therefore,  to  give  the  condi- 

1  Snith'a  "  Blectrocbemkal  Analytifl,**  3rd  edition,  p.  134. 
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tions  under  which  the  two  were  separated  with  ease  in  the  presence 
of  sulphuric  acid. 

Copper  present 0.0745  gram. 

Sodium  tellurate  present 0.2000  gram. 

Concentrated  sulphuric  acid i  cc. 

Dilution 150  cc. 

N.Dioo  0.05  to  0.1  ampere. 

Pressure 2  to  2.25  volts. 

Temperature 65®  C. 

Time 6  hours. 

Copper  found 1 1")  ^oy^Tgnim. 

*^*^  1(b)  0.0748  gram. 

The  writer  has  had  the  assistance  of  Mr.  S.  H.  Ross  in  working 
out  the  details  of  these  experiments,  for  which  he  would  here 
acknowledge  his  indebtedness. 

University  of  Pennsylvania. 
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THE  RAPID  PRECIPITATION  OP  nETALS  IN  THE  ELEC- 
TROLYTIC WAY.i 

By  Franz  F.  Bxnbr. 
Received  July  5,  tflos* 

Several  years  ago  experiments  were  made  in  this  laboratory 
looking  to  the  electrolytic  separation  of  molybdenum  from  tung- 
sten. The  anode  was  made  to  rotate  by  means  of  a  small  electric 
motor,*  the  idea  being  to  use  high  currents  with  a  high  speed  of 
rotation  of  the  anode,  thus  hastening  the  deposition  and,  by  agita- 
tion of  the  electrolyte,  overcoming  certain  disturbances  which  had 
arisen.  In  the  particular  case  referred  to,  the  results  were  not 
entirely  satisfactor\'.  The  idea,  however,  was  shortly  after  tried 
upon  other  metals  with  success  and  led  to  the  present  investigation. 
Klobukotv'  called  attention  to  the  agitation  of  the  electrolyte,  but 
never  published  any  results.  Gooch  and  Medway*  recently  de- 
scribed successful  experiments  made  with  copper,  nickel  and  silver 
solutions  by  rotating  the  cathode. 

The  purpose  of  the  present  investigation  was  to  note  the  results 

1  From  the  author's  thesis  for  the  Ph.D.  degree. 

*  Smith's  "  Blectrochemical  Analysis/*  p.  77,  third  edition,  1903. 
sy.  ^akt,  Chem.,  jj,  475  ;  40,  121. 

*  Am.  J.  Set.  Ui,  IS.  3«>- 
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Mowing  the  rapid  rotation  of  the  anode  and  to  develop  with 
care  the  conditions  for  successful  work,  in  various  electrolytes,* 
for  a  number  of  metals.  The  result  has  been  that  many  of  them 
can  now  be  precipitated  quantitatively  by  the  current  in  such 
astonishingly  short  periods  that  the  methods  of  electrolysis  are 
made  more  available  to  the  analyst  than  heretofore.  The  essentials 
are  recorded  in  the  paragraphs  which  follow  and  the  reader  is 
referred  to  the  author's  thesis  for  greater  details. 

An  ordinary  platinum  dish  was  used  as  cathode.  The  anode 
was  a  spiral  of  heavy  platinum  wire.  It  was  2  inches  in  diameter. 
Its  center  was  depressed  to  g^ve  it  the  form  of  a  shallow  bowl. 
It  was  usually  made  to  perform  from  500  to  600  revolutions  per 
minute.  At  higher  speeds,  the  electrolyte  is  thrown  against  the 
cover-glasses;  this  is  not  objectionable,  unless  the  dish  contains 
too  much  liquid.  The  solution  may  sweep  around  the  edge  of  the 
dish  under  the  cover-glasses  throughout  the  entire  operation  with- 
out any  loss.  The  volume  of  liquid  never  exceeded  125  cc.  and 
was  not  less  than  1 10  cc.  In  every  case  the  electrolyte  was  heated 
almost  to  boiling  before  exposing  it  to  the  action  of  the  current. 
No  external  heat  was  applied  during  the  electrolysis.  The  high 
currents  kept  the  liquid  hot.  When  the  decomposition  was  fin- 
ished, the  rotator  was  stopped  and  the  current  was  reduced  by 
the  introduction  of  resistance,  water  being  added  to  cover  the  ex- 
posed metal,  thus  preventing  its  oxidation.  The  liquid  in  the  dish 
was  siphoned  oflF,  the  dish  being  kept  full  by  the  addition  of  water 
from  a  wash-bottle.  The  metallic  deposit  was  washed  and  dried  in 
the  customary  way. 

EXPERIMENTAL  PART. 

Copper. — ^This  metal  was  precipitated  from  these  solutions: 
A,  sulphuric  acid;  B,  nitric  acid;  C,  ammonium  sulphate  and 
ammonia;  D,  ammonium  nitrate  and  ammonia;  E,  potassium 
cyanide.    The  results  were  as  follows : 

A 

Deoosited 

Error. 
mg. 


lfa.of    Ca804->Ca. 
op.           Gram. 

Ht80« 

dil.i:io. 
cc. 

Current 
N.D,oo-A. 

V. 

Time. 
Mioutei. 

Deposited 

Cu. 

Gram. 

3 

15 

3 

z 

I            0.4994 

I 

4 
5 

15 
14-9 

2 

5^ 

0.4992 

2                   ** 

I 

5 

(4 

5 

0.4994 

3 

I 

5 

« 

5 

0.4994 

^  CoomOt  Smith's 

"  Blectrochen 

deal  Am 

tiy»u,"  31 

rdcditio 

«.  19 

oa. 

*The  brace  indicates  that  aU  those  current  conditions  were  used  in  the  experiment 
•mdiaff  to  the  time  glirtn. 
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Cone.  NH4OH 


No. 
of 
exp. 

C1SSO4- 

Cu. 

GTmm. 

Cone. 

HNO,. 

oc. 

«ol. 

ec. 

After 

10  min. 

Current 
N.I>.«. 

V. 

De- 
posited 
tine.        Cn. 
Minutes.   Grama. 

Error, 
mg. 

0.2484 

I.O 

.... 

5 

10 

10 

0.2385 

-9-9 

0.2484 

I.O 



5 

10 

15 

0.2387 

-9.7 

0.2484 

1.0 

.... 

5 

10 

20 

0.3393 

-91 

0.2484 

0.5 

5 

5 

3 

12 
18 

lO 

5 

0.2482 

—0.2 

0.2484 

I.O 

5 

5 
5 

10 
12 

lol 
Si 

'     0.2483 

—O.I 

Identical  with  5. 

0.4968 

I.O 

tv 

5 
5 

8 
10 

10 

5 

0.4964 

—0.4 

In  Experiments  4  to  7,  the  electrolysis  was  first  conducted  for  ten 
minutes  in  a  nitric  acid  solution  and  then  5  cc.  of  concentrated 
ammonia  water  were  added.  This  caused  a  change  in  the  resist- 
ance of  the  solution,  especially  when  only  0.5  cc.  of  nitric  acid 
was  used.  The  change  was  less  marked  when  i  cc.  of  the  nitric 
acid  was  added,  and  since  it  also  gave  better  results,  that  quantity 
is  to  be  preferred.  The  deposit  from  this  electrolyte  was  very 
satisfactory.    It  was  dense,  bright,  and  metallic  in  appearance. 

C. 

CUSO4  »■  Cone.  Deposited 

No.  of  Cu.       (NH4)tSO«.  NH4OH.  Current  Time.         Cu.  Error. 

exp.  Gram.       Grams.  cc.  N.Diw""A.      V.    Minutes.     Gram.  mg, 

1  0.2484        3  ao        5  85        0.2488        +04 

2  0.2484  I  20  5  12  5  0.2488  40-4 

3  0.4968         1.5  30         5  12         8         0.4966        —0.2 
The  conditions  of  2  or  3  are  preferable.    The  deposit  is  adher- 
ent.   This  electrolyte  will  be  preferred,  because  in  it  the  least  time 
is  required  for  complete  precipitation. 

D. 

Cone. 
NH4OH  De- 

solution.  Current  Time,     posited  Cu.       Error, 

cc.    N-Djoo-^A.  V.  Minutes.      Gram.  mg. 

20  5  8  10  0.2463  —2.1 

20  5  12  10  0.2483  —0.1 

30  5  12  15  0.4968  0.0 

30  5  12  14  0.4964  —0.4 

The  conditions  of  Experiments  2  and  3  are  the  most  desirable. 
The  deposits  were  excellent  in  character.  A  great  advantage  of 
this  solution  is,  that  in  the  ordinary  course  of  analysis  copper  is 
usually  obtained  as  nitrate.  These  conditions  were  made  use  of 
in  the  separation  of  copper  from  nickel. 


No.  of 

CUS64  -  Cu. 

NHfNO,. 

exp. 

Gram. 

Grams. 

I 

0.2484 

3.0 

2 

0.2484 

I.O 

3 

0.4968 

1.5 

4 

0.4968 

1.5 
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E. 

Vo,                                                              Current 
of  CaSOf-Cu.                                          N.Dioo- 
ez^     Grun.                        KCK.                      A. 

V. 

Time. 
Minutes 

Deposited 

Ctt. 

Gram. 

mg. 

I       0.2484    Least  possible  for  sol.    5 

12 

10 

0.2136 

-34.8 

2      0.2484                      "                     6 

x8 

ID 

0.2465 

-  1.9 

3      0.2484                      ••                     6 

18 

18 

0.2479 

—  0.5 

4      0.2484                       •*                     6 

18 

18 

0.2478 

-0.6 

The  electrol)rte  yielded  its  last  traces  of  copper  very  slowly, 
which  was  probably  due  to  the  solvent  action  of  the  solution  upon 
the  deposit.  The  deposits  were  of  a  golden  red  color  and  shone  as 
if  they  had  been  polished. 

NICKEL. 
The  solutions  used  in  the  following  experiments  were :   A,  am- 
monium sulphate  and  ammonia ;  B,  acetic  acid  and  ammonia ;  C, 
ammonium  nitrate  and  ammonia ;  D,  potassium  cyanide. 

A. 


o.of 

Ni804* 

Ni. 
Gram. 

Cone. 
(NHOsSOi.  NH4OH.  Current             Time. 
Grsms.           cc.    N.Dioo'"A.  V.    Minutes. 

Deposited 

Ni. 

Gram. 

IJrror. 
mg. 

X 

0.2498 

1.5              20              4          12          15 

0.2496 

—0.2 

2 

0.4996 

i-S           30            5        10        15 

0.4977 

-1.9 

3 

0.4996 

1.5             25            5         10         17 

0.4998 

-fO.2 

The  conditions  in  i  and  3  are  the  most  desirable.  The  deposits 
were  gray  in  color,  dense,  adherent  and  thoroughly  satisfactory. 

B. 

No.      NiS04««        yaitol.       Cone.       Current  Deposited 

of  Ni.  HCsHaO.    NH4OH.     {7.Dioo»  Time.  Ni.  Error. 

ezp.       Gram.  cc.  cc.  A.  V.  Minutes.    Gram.         mg. 

1  0.2498  10  10  5  8.0       10  

2  0.2498  10  25  5  6.5       10      O.249S         

The  conditions  in  2  were  very  satisfactory.  The  deposits  were 
much  like  those  from  electrolyte  A. 

An  experiment  was  performed  in  which  3  grams  of  ammonium 
nitrate  were  substituted  for  the  acetic  acid  in  Experiment  B,  2 ; 
but  after  ten  minutes  no  deposit  had  been  formed.  This  suggested 
a  possible  separation  from  copper,  which  was  worked  out  later. 
The  experiments  made  with  potassium  cyanide  were  abandoned. 

ZINC. 

A  solution  of  the  sulphate  was  used.  The  dishes  in  which  the 
precipitations  were  made  were  coated  with  silver.  The  electro- 
lytes were :  A,  sodium  acetate  and  acetic  acid ;  B,  sodium  hydrox- 
ide; C,  sodium  hydroxide  and  potassium  cyanide. 
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HC,H,0, 
30  per 
ZnS04««  cent,  solu-  Deposited 

No.  of  Zn  NaCtHgOi  tioo.    Current  Time.  Zn.  Brror. 

ezp.  Gram.         Gramg.     cc.     N.Dioo— A.  V.     Minutea.      Gram.  mg. 

I  0.2502  I  0.2  3  18  16  0.2502 


ZnSOi  - 
Zn. 

NaOH. 

Current 
N.DicQ- 

Time. 

Deposited 

Brror. 

Gram. 

Grama. 

A. 

v.. 

Minutes. 

Gram. 

mg. 

O.SO04 

7 

5 

5 

15 

0.5003 

—0.1 

0.5004 

5 

5 

6 

15 

0.5003 

—0.1 

0.5004 

8 

5 

5 

15 

0.5004 

... 

0.5004 

12 

5 

5 

15 

0.5006 

+0.2 

2  0.2502  3  0.2  4  15  10  0.2502 

3  0.5004  3  0.2  4  18  15  0.5001  —0.3 

4  0.5004  3  0.2  4  10  15  0.5002  —0.2 

5  0.5004  I  0.2  4  19  15  0.5000  —0.4 

Experiments  i  and  5  show  that  i  gram  of  sodium  acetate 
requires  too  high  a  voltage  to  overcome  the  resistance,  causing  an 
undue  amount  of  heat.  The  high  voltage  in  Experiment  3  was 
due  to  the  great  speed  of  rotation.  The  latter  was  reduced  to 
600  revolutions  per  minute  in  Experiment  4.  The  conditions  in 
Experiment  2  and  4  are  to  be  preferred,  and  gave  very  satisfactory 
results.    The  deposits  were  light  gray  in  color,  and  crystalline. 

B. 

ZnSO^  H  Currenl 

No.  of 
exp. 

I 

2 

3 
4 

Nothing  is  gained  by  the  extra  sodium  hydroxide  in  Experiment 
4.  The  conditions  of  Experiment  3  were  most  satisfactory.  The 
deposit  from  this  electrolyte  was  sufficiently  adherent  for  washing 
and  weighing.  C.  Two  experiments  were  made  in  which  the  zinc 
sulphate  solution  was  precipitated  by  sodium  hydroxide,  the  pre- 
cipitate redissolved  in  potassium  cyanide,  and  electrolyzed  in  the 
usual  way,  but  it  was  finally  found  necessary  to  abandon  this  elec- 
trolyte. 

SILVER. 

The  only  electrol3rte  tried  was  the  cyanide.  A  speed  of  700 
revolutions  per  minute  was  found  to  be  most  satisfactory. 

No.  of 
exp. 

I 

2 

3 

The  silver  came  down  as  a  dense  white  deposit,  excepting  the 
last  traces,  which  were  a  little  loose,  but  quite  adherent. 


kgNO,- 
Gram. 

Current 
KCN.    N.Dioa- 
Grams.        A. 

V. 

Time. 
Minutes. 

Deposited 
Gram. 

Brror. 
mg. 

0.2495 
0.4990 

2               2 
2               2 

5 
5 

7 
10 

0.2492 
0.4990 

-4-0.2 

0.4990 

2               2 

5 

9 

0.4992 

+0.2 
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BISMUTH. 

This  metal  proved  most  troublesome.  The  speed  of  rotation  em- 
ployed varied  from  700  to  900  revolutions  per  minute.  Electro- 
lyte: 0.5510  gram  of  bismuth  dissolved  in  a  small  excess  of  nitric 
add  and  electrolyzed  with  a  current  N.Djoo  =  i  A.  V  =  2.5. 
Time  =  18  minutes.  The  deposit  of  bismuth  weighed  0.5507 
gram.  It  was  white  and  crystalline  at  first,  but  later  it  became 
black  and  loose,  yet  sufficiently  adherent  for  washing  and 
weighing. 

Ten  different  electrolytes  were  tested  with  current  strengths 
varying  from  4  to  5  amperes,  but  all  gave  more  unsatisfactory  re- 
sults than  when  nitric  acid  alone  was  present.  The  only  electro- 
lyte that  gave  deposits  sufficiently  satisfactory  for  analysis  was 
that  containing  a  small  excess  of  nitric  acid. 

The  sugg^tion  of  Vortmann  was  then  applied,  and  the  bismuth 
deposited  with  mercury  as  an  amalgam.  Solutions  of  mercurous 
nitrate  and  bismuth  nitrate,  each  dissolved  in  the  smallest  excess 
of  nitric  acid,  were  used. 


Kaof 
op. 

Bi. 
Gram. 

HgNO.- 
Gram. 

Cone. 

HNO|. 

cc. 

Current 

N.D,oo-A. 

Deposited 
Time.         Bi. 
V.     Minutes.    Gram. 

Bnor. 
mg. 

I 

0.2970 

0.3920 

.. 

4 

12          15 

0.2965 

-0.5 

3 

0.3970 

0.2920 

•• 

4 

12           12 

0.2967 

-0.3 

3 

0.2970 

0.2920 

t 

5 

8.5       8 

0.2972 

-fO.2 

4 

0.2970 

0.2920 

I 

5 

8.5       8 

0.2971 

-fo.1 

The  I  cc.  of  nitric  acid  lowered  the  voltage  and  better  results 
followed.  The  conditions  of  Experiments  3  and  4  are  to  be  pre- 
ferred.   The  deposit  was  iron-gray  in  color  and  very  satisfactory. 

MERCURY. 

A  solution  of  mercurous  nitrate  containing  nitric  acid  was  used. 
The  speed  of  rotation  was  700  revolutions  per  minute. 


Kaof 
exp. 

HgNO,» 
Gnm. 

Cone. 

HNO.    Current 
cc.    N.DjoD-A. 

V. 

Time. 
Minutes. 

Deposited 
Gram. 

Brror. 
mg. 

I 

0.2920 

I              4 

II 

15 

0.2920 

•• 

2 

0.2920 

I              7 

12 

5 

0.2919 

—O.I 

3 

0.5840 

I              7 

12 

7 

0.5837 

—0.3 

The  deposits  were  perfect  mirrors  of  pure  mercury,  and  dis- 
solved off  the  dish  with  great  ease.  The  loss  in  weight  of  the  dish 
in  these  three  experiments  was  only  0.6  milligram. 

COBALT. 

A  solution  of  cobalt  sulphate  was  used.    The  speed  of  rotation 
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was  700  revolutions  per  minute.  The  electrolytes  were :  A,  ammo- 
nium sulphate  and  ammonia ;  B,  sodium  and  ammonium  acetates 
and  ammonia. 


CoSO*  - 
No.  of        Co. 
czp.       Gram. 

Cone.           C«r- 
(NH4)«S04.  NH4OH  sol.    rent. 
Grmms.             cc.      N.Dioo  «•  A. 

V. 

Deposited 
Time.          Co. 
Minutes.     Gram. 

BiTor. 
mg. 

I         0.2460 

3                 50               5 

10 

15         0.2433 

-2.7 

2          0.2460 

3                50              5 

10 

17         0.2440 

—2.0 

The  solution  from  Experiment  2  gave  no  test  for  cobalt  with 
ammonium  sulphocarbonate,  but  there  was  a  small  deposit  upon 
the  anode.  Experiments  to  remedy  the  defects  of  this  electrolyte 
were  not  carried  out. 

B. 


8 

6 

II 

de 
Co 

3^ 

S50 

0 
0 

ll 

> 

1 

do 

Ir 

0.2460 

lO 

. 

60 

5 

8 

16 

0.2404 

5.6 

0.2460 

5 

5 

60 

5 

12  to  8 

15 

0.2462 

-fO.2 

0.2460 

. 

60 

5 

15  to  12 

15 

0.2462 

-fO.2 

0.2460 

5 

50 

5 

12  to  9 

17 

0.2459 

—O.I 

0.2460 

5 

50 

5 

10  to  7 

IS 

0.2459 

—0.1 

0.4920 

5 

50 

5 

9  to  8 

22 

04916 

-0.4 

0.4920 

5 

50 

5 

9  to  8 

22 

0.4917 

0-0.3 

In  Experiment  i  the  deposit  was  excellent,  but  there  was  oxide 
on  the  anode. 

The  deposit  in  Experiment  2  was  very  good,  but  there  was  a 
slight  discoloration  of  the  anode. 

The  deposit  of  Experiment  3  was  satisfactory.  The  anode  was 
not  coated. 

The  deposits  in  Experiments  4  to  7  were  good.  They  were  gray 
in  color  and  quite  metallic  in  appearance.  The  discoloration  of 
the  anode  was  so  slight  as  to  be  negligible. 

In  the  last  three  experiments,  the  speed  was  500  revolutions 
per  minute.  These  conditions  are  recommended.  Sodium  acetate 
hastens  the  deposit  and  prevents  deposition  upon  the  anode,  while 
the  ammonium  acetate  improves  the  deposit,  but  retards  its  for- 
mation. 

CADMIUM. 

The  following  electrolytes  were  used:    A,  sulphuric  add;  B, 


Kaof 
op. 

CdS04» 

cd! 

Grmm. 

HjSOf         Cur. 
dil.  I  :  10.      rent 
cc.      N.Dioo  -  A. 

V. 

Time. 
Minutes. 

Deposited 

Cd 

Gram. 

I 

0.2756 

3                5 

9 

10 

0.2756 

2 

0.2756 

I                5 

17-11 

10 

0.2755 

3 

0.55" 

I                5 

8 

15 

0.5508 
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sodium  acetate  and  potassium  sulphate;  C,  potassium  cyanide. 
The  speed  of  rotation  was  about  600  revolutions  per  minute. 

A. 

Deposited 

Error, 
mg. 

—0.1 
—0.4 

Deposit  I  was  crystalline  at  first,  but  the  last  portions  of  metal 
ame  down  loose,  but  sufficiently  adherent.  Deposits  2  and  3 
were  beautifully  crystalline  and  very  satisfactory. 

B,  Experiment  i. — Electrolyte:  Cd  =  0.5512  gram.  Sodium 
acetate  =  2  gjams.  Potassium  sulphate  =  0.5  gram.  Current 
N.D,^  =  5  A.  V  =  12.  Time  =15  minutes.  The  deposited  cad- 
mium weighed  0.5514  gram.  The  potassium  sulphate  was  added 
to  increase  the  conductivity  of  the  electrolyte. 

Experiment  2. — Electrolyte:  Cd  =  0.5512  gram.  It  was  pre- 
cipitated with  0.5  gram  of  sodium  hydroxide,  the  precipitate  was 
dissolved  with  acetic  acid,  and  0.5  gram  of  potassium  sulphate 
added.  Current  N.Djoo  =  5  A.  V  =  11.  Time  =  15  minutes. 
Deposited  Cd  =  0.5514  gram. 

C 

NsOH.     KCN.        Current 
Grams.   Grams.    N.I>iao-*A. 

525 

525 

5  2  5 

525 

The  deposits  were  white,  compact  and  very  satisfactory. 

IRON. 

A  solution  of  ferric  anunonfum  sulphate  with  ammonium 
oxalate  was  used  as  electrolyte.  The  speed  of  rotation  was  about 
800  revolutions  per  minute. 

No.  Ferric  am. 
of   slnm  —  Fe.  (NH4)tCs04. 
op.      Gram.  Grams. 

1  0.2461  7 

2  0.2461  7.5 

3  0.2461  7.5 

4  0.4922  7.5 

The  deposits  were  so  dense  and  light  in  color  that  they  re- 
sembled the  polished  platinum  dish. 


Kaof 
eip. 

CdSOf- 

Cd. 

Gram. 

I 

0.5530 

2 

0.5530 

3 

0.5530 

4 

0.5530 

v. 

Time. 
Minutes. 

Deposited 

Cd. 

Gram. 

Error, 
mg. 

8 

15 

0.5531 

-fo.i 

8 

10 

0.5528 

—0.2 

8 

12 

0.5528 

—0.2 

8 

10 

0.5530 

.... 

H^04  ^ 
sat.  KOl.  Current, 
cc.     N.D|oo»A. 

v. 

Time. 
Minutes. 

Deposited 

Fe. 

Gram. 

Error, 
mg. 

I              7 

7-4 

25 

0.2458 

-0.3 

7 

7.^ 

25 

0.2463 

+0.2 

7 

7-5 

25 

0.2461 

-. 

7 

7-5 

35 

0.4922 

•• 

Pb(NO,),  - 

Pb. 

Gram. 

HNO, 

cone. 

cc. 

Cturent 

N.Djflo-A. 

V. 

Time. 
Minutes. 

DecMomted 
Grams. 

Brror. 
mg. 

0.2807 

20 

10 

4.5 

iq 

0.2804 

-0.3 

0.2807 

20 

10 

4.5 

10 

0.2804 

-0-3 

0.5614 

20 

10 

4.5 

13 

0.5613 

— o.x 

0.5614 

20 

10 

4.5 

13 

0.5614 

•  •  tf  • 

1. 1228 

20 

10 

4.5 

15 

I. 1228 

.... 
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LEAD. 

The  metal  was  deposited  as  dioxide  upon  a  dish  which  had  its 
inner  surface  roughened  by  a  sand  blast.  Over  a  gram  of  de- 
posited dioxide  showed  no  tendency  to  scale  off.  The  speed  of 
rotation  was  about  600  revolutions  per  minute.  The  only  electro- 
lyte used  was  nitric  acid. 

No.  of 
exp. 

I 
2 
3 
4 
5 

The  deposits  of  lead  dioxide  were  of  a  uniform,  velvety  black 
color. 

No  success  was  had  with  manganese. 

MOLYBDENUM. 

Electrol)rte :  A  solution  of  sodium  molybdate  containing  0.2250 
gram  of  molybdenum  trioxide  was  placed  in  the  dish,  and  to  this 
were  added  2  cc.  of  sulphuric  acid  (dilute  i  :  10),  and  i  gram  of 
potassium  sulphate.  The  current  N.Dioo  =  4A.  V=:i5. 
Time  =  20  minutes.  The  molybdenum  trioxide  found  weighed 
0.2246  gram.  The  speed  of  the  anode  equaled  300  to  400  revolu- 
tions per  minute. 

TIN. 

The  electrolyte  in  this  instance  was  a  freshly  prepared  solution 
of  stannous  ammonium  chloride,  to  which  ammonium  oxalate 
was  added.  The  speed  of  the  anode  equaled  300  revolutions  per 
minute. 


No. 

of 

exp. 

SnCla. 

2NH4CI »  So. 

Gram. 

(NHOtCO*     Cur- 
hot  Mt.  sol.     rent, 
cc.       N.Dioo—A. 

V. 

Time. 
Minutes. 

Deposited 

Sn. 

Grams. 

Brror. 
my. 

I 

0.5396 

100 

5 

5 

13 

0.5392 

—0.4 

2 

0.2193 

100 

5 

5.5 

15 

0.2193 

.... 

3 

0.2193 

100 

5 

5.5 

15 

0.2 191 

—0.2 

4 

0.2193 

100 

5 

5.5 

15 

O.219X 

— o.a 

5 

0.2193 

100 

5 

5.5 

15 

0.2193 

•  .  a  • 

6 

0.4355 

100 

{1 

1 6.5 

/15* 
I   3 

0.4353 

—0.2 

7 

0.4355 

too 

{i 

/5.5 
\6.5 

{■I 

0.4355 

.... 

8 

1.0800 

•     100 

5 

4.5 

30 

1. 0801 

+0.1 

>] 

[n  Bzperiment 

IB  6  and  7  the  brace  indicfttes  two  current  conditions. 

The  5-4.  cur- 

rent  running  15  minutes  after  which  it  was  changed  to  8-A. 


AvCla- 

Au. 

Gram. 

KCN. 
Gntms. 

Current 
N.D,oo-A. 

V. 

Time. 
Minutes. 

Deposited 

Au. 

Gram. 

Error, 
mg. 

0.0290 

I.O 

5 

II 

10 

0.0289 

O.I 

0.0725 

2.0 

5 

•  II 

10 

0.0725 

0.1450 

1.5 

5 

II 

7 

0.1447 

-0.3 
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GOLD. 

The  electrolyte  was  a  solution  of  gold  chloride  to  which  potas* 
siura  CA-anide  was  added.  The  speed  of  rotation  was  about  500 
revolutions  per  minute. 

Naof 
op. 

I 
2 
3 
The  deposits  were  iexcellent. 

ANTIMONY. 

Antimony  chloride,  with  just  enough  hydrochloric  acid  to  keep  it 
in  solution,  was  mixed  with  sodium  hydroxide,  sodium  hydrosul- 
phide  and  potassium  cyanide,  then  electrolyzed  as  indicated  below. 
The  speed  of  rotation  of  the  anode  was  400  to  500  revolutions  per 
minute. 

Vo.     Sbat+       NaOH  Current  Deposited 

of      HCl  »  Sb     10  i  sol.    NaHS.  KCN.    N.D,oo "-  Time.  Sb.  Error. 

czp.      Giam.  cc.  cc.    Grams.       A.         V.      Minutes.     Gram.  mg. 

1  0.3042  30  20         2  5         4.5         20         0.3042 

2  0.3042  30  20  2  5  4.5  20         0.3041  —0.1 

3  0.3042  3D  20        2  5        4.5        18        0.3041        —O.I 

The  deposits  under  these  conditions  were  excellent.  They 
showed  a  dense,  light,  metallic  appearance.  This  is  a  new  electro- 
Ine  for  antimony. 

Xo  success  was  had  with  the  deposition  of  arsenic. 

Separations, 
separation  of  copper  from  nickel. 
The  sulphates  of  the  metals  were  used.    The  speed  of  rotation 
was  about  600  revolutions  per  minute. 


e 

1 

I 

9 

Is 

< 

9 

u 

a 

H 
« 

0 

i 

■ 

II 

II 

1 

OX 

it 

1 

u 

> 

1 

00 

I 

0.2457 

0.25 

0.25 

3 

4 

5 

IS 

0.2460 

+0.3 

2 

0.2457 

0.25 

0.25 

3 

4 

5 

15 

0.2458 

4-0.1 

The  deposits  of  copper  were  good  and  free  from  nickel.  Several 
other  experiments  were  performed  in  which  more  free  nitric  acid 
was  used,  and  some  in  which  less  time  was  allowed,  but  in  all  of 
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them  the  precipitation  was  incomplete.  The  separation  is  probably 
possible,  also,  in  an  ammonia  solution  in  the  presence  of  ammo- 
nium nitrate. 

Analysis  of  Nickel  Coin. 

A  nickel  coin,  weighing  4.8514  grams,  was  dissolved  in  nitric 
acid,  then  evaporated  on  the  water-bath,  and  the  crystallized  resi- 
due dissolved  in  water.  Twenty-five  cc.  of  this  solution  were 
placed  in  a  weighed  platinum  dish  and  3  grams  of  ammonium 
sulphate,  and  i  gram  of  ammonium  nitrate  added.  This  solution 
was  diluted  with  water  to  125  cc,  heated  nearly  to  boiling  and 
electrolyzed  with  a  current  of  N.Dio©  =  5  A.  V  =  5.  Time  =  20 
minutes.  The  precipitated  copper  weighed  0.3629  gram,  equal  to 
74.81  per  cent,  of  the  coin.  The  solution  from  this  deposit  was 
precipitated  with  sodium  hydroxide  and  bromine  ^ater,  and  the* 
precipitate  filtered,  washed  and  dissolved  in  dilute  sulphuric  acid, 
containing  2.5  cc.  of  concentrated  acid.  To  this  solution  30  cc. 
of  concentrated  ammonia  water  were  added,  the  whole  diluted  to 
125  cc,  heated,  and  electrolyzed  with  a  current  of  N.D^oo  =  6  A, 
V  =  5.  Time  =17  minutes.  The  deposited  nickel  weighed 
0.1185  gram,  corresponding  to  24.42  per  cent,  of  the  coin. 

The  attempt  was  next  made  to  see  how  quickly  a  complete  anal- 
ysis of  a  nickel  coin  could  be  made.    This  was  done  as  follows : 

Weight  of  coin  =  4.925  grams. 

It  was  dissolyed  in  20  cc  of  concentrated  nitric  acid  diluted 
with  an  equal  volume  of  water.  When  the  solution  was  complete, 
the  liquid  was  exactly  neutralized  with  ammonia,  transferred  to 
a  250  cc.  measuring  flask  and  this  filled  with  water  to  the  mark. 
25  cc  of  this  liquid  were  then  transferred  to  a  weighed  platinum 
dish  and  3  grams  of  ammonium  sulphate  were  added.  This  was 
diluted  to  125  cc,  heated  and  electrolyzed  with  a  current  of 
N.Dioo  =  5  A.  \'  =  5.5  for  20  minutes.  The  precipitated  copper 
weighed  0.3691  gram  =  74.95  per  cent,  of  the  coin.  The  solution 
from  the  copper  was  precipitated  with  sodium  hydroxide  and 
bromine  water,  filtered  and  washed.  The  precipitate  was  then  dis- 
solved in  2  cc  of  concentrated  sulphuric  acid  diluted  with  water, 
30  cc.  of  concentrated  ammonia  water  added,  diluted  to  125  cc, 
heated,  and  the  solution  electrolyzed  with  a  current  of  N.Djoo  =  6 
amperes  and  5  volts.  Twenty  minutes  were  required  for  the  depo- 
sition. The  precipitated  nickel  weighed  0.1217  gram,  correspond- 
ing to  24.71  per  cent.    The  solution  from  the  nickel  deposit  was 
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filtered,  and  the  precipitate  washed,  ignited  and  weighed.  The 
weight  of  ferric  oxide  was  0.0026  gram,  which  is  equivalent  to 
0.35  per  cent,  of  metallic  iron.  The  total  percentage  equalled 
100.01.  The  time  required  for  the  complete  analysis  was  two 
and  a  half  hours. 

SEPARATION  OP  COPPER  FROM  ZINC. 

The  ccHiditions  which  served  for  the  separation  of  copper  from 
nickel  are  applicable  in  its  sepfu-ation  from  zinc. 

Mo.    C11SO4—      ZnS04i-  CoBC.  Cur-  Time.  Deposited 

of  Cv.  Zn.        NH4NOa.     HNOg.         rent.  Min-         Cu.  Brror. 

op.     Gram.  Gimm.       Grama.         cc.       N.D]oo**A.    V.    utea.       Gram.         mg, 

1  0.2457  0.25  3  0.25  5  9       15       0.2458       +0.1 

2  0.2457         0-25  3  0.25  5  9      15      0.2460      -fo.3 

This  is  sufficient  to  show  the  possibilities  of  this  method  of 
analysis.    At  the  present  time  other  separations  are  in  progress. 

UinvnaiTT  or  Vbmvsywaxia. 


[Contribution  prom  the  Havbmbybr  Laboratoribs,  Columbia  Uni- 
versity, No.  84.] 

THE  VOLUMETRIC  DETERHrNATION  OF  BISHUTH  AS  MO- 
LYBOATE  AND  ITS  SEPARATION  FROM  COPPER.* 

By  Hkrman  S.  Rxbdbrbr. 

Received  January  a.  1903. 

At  the  present  time  the  quantitative  determination  of  bismuth 
is  conducted  in  the  great  majority  of  cases  by  precipitation  as 
bismuth  basic  carbonate  by  ammonium  carbonate,  in  spite  of 
the  fact  that  many  different  schemes  have  been  published  for  its 
separation  from  other  metals  and  determination,  using  other 
reagents. 

It  was  with  the  intention  of  finding,  if  possible,  a  reliable  volu- 
metric method  equal  in  accuracy  to  the  carbonate  method,  that  this 
work  was  undertaken. 

As  the  work  progressed  and  the  molybdate  method  was  to  be 
applied  to  ores,  to  show  its  practical  value,  it  developed  that  a 
shorter  and  simpler  separation  of  bismuth  from  copper,  espec- 
ially, would  make  the  method  complete  from  the  ore,  and  it  was 
Aen  that  the  precipitation  of  bismuth  with  hydrogen  sulphide 
from  a  solution  containing  tartaric  acid  and  made  alkaline  with 

^  Piom  untiaor'9  Uicsii  for  Uie  dcgfree  of  Doctor  of  Philosophy.  Read  at  the  Decem- 
^accciac  of  New  York  Section  of  the  American  Chemical  Society. 
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caustic  potash  and  potassium  cyanide  was  worked  out  and  found 
satisfactory. 

EXPERIMENTAL. 

For  the  experimental  part  of  this  work  a  bismuth  nitrate  solu- 
tion was  prepared  and  standardized  by  the  following  methods: 
(a)  Direct  evaporation  to  dryness  of  a  measured  volume  and 
ignition  of  the  dry  nitrate  to  trioxide;  (b)  precipitation  of  basic 
carbonate,  drying  and  igniting  to  trioxide.  The  results  obtained 
by  these  two  methods  were  further  checked  by  precipitating  the 
bismuth  as  sulphide,  and  carefully  igniting  this  to  the  trioxide  (c). 

(a)    DIRECT  EVAPORATION  METHOD. 

Results. 


W(NO,). 

Uken. 

cc. 

Chaxncter 

of 

▼eaeel 

used. 

Pound. 

BijO,. 
Gram. 

Bi. 
Gram. 

5 

porcelain. 

0-0643 

0.05765 

5 

('( 

0.0643 

0.05765 

6 

« 

0.0773 

0.06931 

ao 

platintim 

0.2578 

0.23084 

30 

<< 

0.3663 

0.34636 

(ft)    CARBONATE  METHOD. 

Results. 

Bi<NO,), 

taken. 

cc. 

Pound. 

BitO,. 
Gram. 

Bi. 
Cram. 

20 

0.2581 

0.23140 

20 

0.2577 

0.23106 

20 

0.2570 

0.23042 

2$ 

0.3222 

0.28888 

30 

0.3869 

0.34689 

10 

0.1288 

O.I  1548 

II 

O.1415 

0.12687 

12 

0.1542 

0.13826 

(c)    SULPHIDE  METHOD. 

Results. 

Bi(NO,), 

taken. 

cc. 

Pound. 

Bi^,. 
Gram. 

Bi. 
Gram. 

20 

0.2575 

0.23086 

20 

0.2578 

0.231 14 

From  these  results  the  strength  of  the  solution  was  taken  to  be 
I  cc.  =  0.01155  gram  bismuth. 

ELECTROLYTIC  METHODS. 

It  was  deemed  advisable  to  try  some  of  the  proposed  methods 
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and  that  of  Wimmenauer^  looked  promising.  No  satisfactory  re-^ 
suits  could  be  obtained  by  it,  however.  Kammerer's*  method  was 
also  tried  with  no  better  results,  although  Smith  states  in  his  book 
that  it  is  probably  the  best  of  the  proposed  methods. 

OXAIATE  METHODS. 

Warwick  and  Kyle*  proposed,  apparently  as  a  new  method,  the 
precipitation  of  bismuth  as  oxalate  either  with  ammonium  oxalate 
or  oxalic  acid,  and  heating  to  facilitate  the  reaction.  The  cle^ 
solution  is  then  decanted,  and  the  precipitate  is  boiled  with 
successive  portions  of  water  to  convert  the  precipitate  to  the  basic 
oxalate.  This  is  then  dissolved  in  acid  and  the  oxalic  acid  is 
titrated  with  standard  potassium  permanganate  solution.  Both 
ammonium  oxalate  and  oxalic  acid  precipitate  bismuth  as  oxalate, 
which,  however,  is  easily  soluble  in  excess  of  ammonium  oxalate 
whether  hot  or  cold.  Owing  to  this  fact,  ammonium  oxalate  was 
not  further  tried  in  determining  the  value  of  the  proposed  method. 
Oxalic  add  was  then  tried  as  described  by  Warwick  and  Kyle. 

It  was  noted  that  this  is  nearly  an  exact  copy  of  Muir's  method.* 
The  only  great  difference  between  them  is  that  in  Muir's  method 
the  precipitation  is  done  in  the  cold,  while  Warwick  and  Kyle 
make  their  precipitation  by  heating,  and  also  claim  that  two  boil- 
ings with  50  cc.  of  water  suffice  to  convert  all  the  precipitate  to 
the  basic  salt,  while  Muir  says  to  boil  with  successive  portions  of 
water  till  the  filtrates  are  free  from  acid.  In  the  following  experi- 
ments it  was  found  that  only  very  small  amounts  of  oxalate  could 
be  converted  by  two  boiling^,  while  0.0924  gram  bismuth  required 
three  and  four  boilings  with  80-100  cc.  water  to  remove  all  free 
acid.  The  results  in  the  following  table  were  obtained  by  the 
factor  calculated  as  given  in  the  method  by  Warwick  and  Kvle. 
If  I  cc.  of  potassium  permanganate  equals  0.010  gram  iron,  it  is 
equivalent  to  0.0186  gram  bismuth.  One  cc.  of  potassium  perman- 
ganate used  was  equal  to  0.005612  gram  iron  and  hence  equivalent 
to  0.01048  gram  bismuth.  This  was  the  factor  used.  To  show 
the  irregularity  of  the  results,  the  last  column  in  the  table  shows 
what  the  factor  for  potassium  permanganate  to  bismuth  would  be 
In  each  case  according  to  the  results  obtained. 

'  Usehr.  anori.  Ckem.^  »j,  r  (1901). 

'  '*Hlectrocheiiiical  Analysis,"  Smith,  3rd  edition  (1903),  p.  67;  This  Journal,  J5,  83 

*  Eng.tmdMin.J,^  April,  190X. 

*J.  OUm,  Soe.  (I<ondon),  33,  70  (1878). 


i)8  Uken. 

BiUken. 

cc. 

Gram. 

4     , 

0.0451 

6 

0.0693 

8 

0.0924 

lO 

0.1 155 

12 

0.1386 

Bi  found. 

Calculated 

Gram. 

factors. 

0.0398 

O.OII86 

0.0587 

0.01237 

0.0878 

0.01 100 

0.1006 

0.01203 

0.1300 

0.01 1 17 
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Rbsults. 

KMn04  uaed. 
cc. 

3.8 

5.6 

8.4 

9.6 

12.4 

These  results  being  irregularly  low,  the  cause  was  sought  in 
the  solubility  of  the  oxalate.  It  was  then  found  that  the  bismuth 
oxalate  is  slightly  soluble  in  a  hot  solution  containing  oxalic  acid. 
Apparently  this  fact  was  known  to  Muir,  as  in  his  method  the 
bismuth  is  precipitated  in  the  cold  and  the  supernatant  liquid  is 
decanted.  Then  the  precipitate,  free  from  oxalic  add  solution,  is 
converted  to  the  basic  oxalate  by  boiling  witii  water.  The  method 
was  tried  to  ascertain  its  exactness  so  that  it  might  be  used  for 
further  standardization,  if  necessary.  The  results,  however,  were 
irregularly  high,  due  to  the  difficulty  experienced  in  converting  to 
the  basic  salt.  The  precipitate  is  very  fine  and  heavy  and  caused 
violent  bumping.  Four  or  more  boilings  were  always  necessary 
to  free  the  washings  from  oxalic  acid.  The  conversion  had  not 
even  tfien  been  completed. 

RBSUI.TS. 


Bi(NO,),Ukcn. 

Bi  Uken. 

KMn04UCcd. 

Bi  found. 

cc 

Gram. 

cc. 

Gram. 

4 

0.0462 

4.6 

0.0482 

6 

0.0693 

7.25 

0.0775 

8 

0.0924 

10.3 

0.1079 

10 

0.1 155 

IT.7 

0.1226 

12 

0.1386 

148 

O.1551 

14 

O.1619 

16.7 

0.1750 

8.1 

0.0936 

9.7 

O.IO16 

9-9 

O.I  143 

11.95 

0.1252 

4 

0.0462 

4.,^5 

0.0456 

6 

0.0693 

7.3 

0.0765 

14 

0.1619 

16.75 

0.1755 

In  the  last  three  determinations  the  precipitates  were  boiled 
several  times  after  the  conversion  seemed  to  be  complete,  but  the 
amount  of  oxalic  acid  retained  was  still  higher  than  that  calculated 
for  the  basic  oxalate.  The  method  did  not  seem  practical  for 
further  work,  as  three  other  determinations  started  with  these  last 
three  were  lost  by  the  violent  bumping  already  mentioned 

Warwick  and  Kyle  also  claim  that  this  method  is  a  separation 
of  bismuth   from  copper,  arsenic,  antimony  and  several  other 
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metals.  Copper  being  the  most  important,  its  bdiavior  with  am- 
nxxiium  oxalate  and  also  oxalic  acid  was  tried  and  it  was  found 
to  act  like  bismuth  in  both  cases,  namely,  it  is  soluble  in  excess 
of  ammonium  oxalate  and  insoluble  in  oxalic  acid.  After  obtain- 
ing these  results,  it  was  not  thought  necessary  to  test  the  method 
of  Warwick  and  Kyle  further ;  as  the  principle  of  the  method  is 
old,  the  proposed  changes  render  the  method  inaccurate,  and  the 
separations  claimed  are  impossible. 

These  conclusions  are  further  confirmed  by  Grabill,*  who  made 
a  study  of  the  reaction  of  bismuth  with  ammonium  oxalate.  He 
contradicts  Warwick  and  Kyle,  and  also  states  that  copper  oxalate 
is  insoluble. 

Another  proof  that  the  separation  of  bismuth  and  copper  is 
impossible  by  oxalic  acid  is  given  by  the  fact  that  Peters*  precipi- 
tates copper  quantitatively  with  this  reagent  and  determines  o^per 
in  this  way. 

THE  MOLYBDATE  METHOD. 

When  a  solution  of  ammonium  molybdate  in  nitric  acid  is  added 
to  a  nitric  acid  solution  of  bismuth  nitrate  and  the  whole  is  neu-. 
tialized  with  ammonia  but  not  made  alkaline,  all  the  bismuth  is 
precipitated  as  a  molybdate  in  a  fine  flocculent  form.  If  this  is 
ften  warmed  without  boiling,  the  whole  precipitate  will  collect 
into  lai^e,  heavy  flocks  which  settle  very  rapidly.  This  precipitate 
is  easily  washed  by  decantation  and  filters  very  rapidly.  By  the 
following  work  it  was  found  that  the  molybdenum  ratio  to  that  of 
bismuth  remains  constant. 

The  limits  of  the  precipitation  are  very  narrow.  The  am- 
monium molybdate  must  be  in  large  excess,  three  to  four  times 
4c  theoretical  amount  necessary  for  combining  with  all  the  bis- 
muth. The  original  solution  will  contain  about  5  per  cent,  of 
nitric  acid,  but  tiiis  must  be  almost  entirely  neutralized  with  am- 
monia. To  obtain  this  point,  methyl  orange  is  used  as  an  indi- 
cator to  get  the  solution  neutral,  and  it  is  then  acidified  with  i 
or  2  drops  of  30  per  cent,  nitric  acid.  The  whole  is  then  heated 
on  a  thick  asbestos  pad  over  a  small  flame  until  the  fine  flocks  have 
collected ;  generally  the  whole  precipitate  will  rise  from  the  bottom 
in  large  masses  by  the  action  of  the  hot  circulating  solution.  The 
precipitate  is   then   stirred  to  break   it   up,   after   which   it   is 

»  Emg.  and  Mm.  J.,  731,  354  (1901). 
'  ZUckr.  anarg.  Ckem,,  a6,  zti  (1901). 
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allowed  to  settle.  The  precipitate  is  exceedingly  heavy  and  settles 
in  a  few  seconds,  forming  a  compact  mass.  The  supernatant 
liquid,  which  must  be  perfectly  clear,  is  decanted  through  a  plain 
filter-paper.  Then  the  precipitate  is  washed  twice  by  decantation 
with  a  3  per  cent,  solution  of  ammonium  sulphate,  after  which  it 
is  washed  on  the  filter  with  the  ammonium  sulphate  scJution.  It  is 
then  dissolved  in  dilute  sulfrfiuric  acid  and  run  through  a  Jones 
reductor  with  suction ;  after  this,  it  is  strongly  acidified  with  sul- 
phuric acid  and  is  immediately  titrated  with  standard  potassium 
permanganate.^ 

The  precipitation  and  washing  were  done  in  a  small  beaker  and 
the  bulk  was  about  200  cc  It  was  found  best  to  heat  slowlv,  as 
with  fast  heating  the  solution  was  liable  to  come  to  a  boil,  which 
makes  the  determination  unreliable.  A  3  per  cent,  solution  of 
ammonium  sulphate  was  found  satisfactory  for  washing  and  was 
preferred  to  any  other  salt  as  it  has  onlyoxistituents  of  the  solution 
which  is  run  through  the  reductor,  and  as  ammonium  sulphate  is 
inactive  to  zinc  in  acid  solution  and  also  to  potassium  permangan- 
ate. A  reductor  with  a  column  of  zinc  40  to  45  cm.  in  length  in 
a  tube  1.25  cm.  in  diameter  was  used,  to  avoid  the  necessity  of  more 
than  one  passage  through  the  zinc,  and  the  suction  flask  was  so 
large  that  the  titration  was  made  in  it  directly.  Thus  air  had 
less  chance  of  reoxidizing  the  molybdous  oxide,  which  was  to  be 
determined  by  permanganate. 

The  color  of  the  molybdate  precipitate  is  pure  white.  Some- 
times, when  the  conditions  were  not  followed  exactly,  a  slightly 
yellowish  to  canary-yellow  compound  resulted  which  gave  varying 
results,  but  always  lower  than  the  white  cwnpound.  This  yellow 
molybdate,  when  formed,  could  however  easily  be  changed  to  the 
white,  by  first  making  the  solution  alkaline  with  ammonia  to  throw 
down  bismuth  oxyhydrate,  and  then  dissolving  this  in  nitric  acid, 
all  this  being  done  in  the  whcJe  mixture  of  precipitate  and  solu- 
tion. The  clear  solution  is  now  re-treated  as  a  new  solution 
except  that  it  is  not  always  necessary  to  add  more  ammonium 
molybdate. 

The  results  given  in  the  following  tables  are  calculated  for  the 
value  in  bismuth  of  i  cc.  of  the  potassium  permanganate  solution. 
To  compare  the  results  obtained  in  this  way  with  an  absolute 
standard,  several  samples  of  the  purest  obtainable  bismuth  were 

1  For  further  details  of  predpitfttion  tee  the  following  paper. 
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weighed  out  and  treated  like  the  standard  Bi(NO,),  solution  with 
very  satisfactory  results. 

Rbsui^ts. 


Bi(NO,i, 

taken. 

oc 

Bi 
Uken. 
Gram. 

cc. 

Equivalent 

amount  of 

bismuth  of 

X  cc.  KMn04. 

9 

0.10395 

28.5 

0.003647 

9 

0.10395 

28.7 

0.003621 

15 

0.17325 

47.75 

0.003038 

16 

0.18480 

50.9 

0.003630 

8.5 

0.09818 

27. 

0.003636 

".3 

0.14107 

30.8 

0.004610^ 

7.8 

0.09009 

24.8 

0.003632 

9.8 

aii3i9 

31.15 

0.003633 

XI.6 

0.13398 

30. 

0.004466^ 

The  results  with  the  yellow  precipitates  indicate  a  totally  differ- 
ent compound  containing  more  bismuth  than  the  white  precipitate. 
The  following  results  were  obtained  with  metallic  bismuth : 


Binmuth  taken. 

KMnOfUaed. 

Gram. 

cc. 

Value  of  1  cc. 

0.1 100 

30.1 

0.003654 

0.1398 

38.3 

0.003626 

0.1084 

29.8 

0.003637 

0.1434 

39.5 

0.003630 

O.1815 

50.0 

0.003630 

From  these  results,  the  value  of  the  potassium  permanganate 
sdution  was  taken  as  i  cc.  =  0.003630  gram  of  bismuth. 

If  the  d^ree  of  reduction'  of  the  molybdenum  obtained  in  a 
Jones  reductor  is  assumed  to  correspond  to  MO24OJ7,  the  ratio  of 
bismuth  to  molybdenum  in  the  white  precipitate  is  i  :  1.977, 
while  in  the  yellow  precipitates  it  approaches  i  :  1.5,  the  ratio  for 
4e  well-known  normal  bismuth  molybdate. 

The  ratio  was  determined  gravimetrically  as  follows :  10  cc.  of 
the  bismuth  nitrate  solution  were  precipitated  as  molybdate  under 
the  usual  conditions.  This  was  decomposed  with  ammonium  sul- 
I^ide,  which  precipitated  bismuth  sulphide  and  held  the  molyb- 
denum sulphide  in  solution.  The  bismuth  sulphide  was  dissolved 
with  hot,  dilute  nitric  acid,  and  the  bismuth  determined  by  the 
evaporation  method  (a)  as  a  check  on  the  completeness  of  precipi- 
tation by  ammonium  molybdate.  The  molybdenum  solution  was 
acidified,  saturated  with  hydrogen  sulphide  and  heated  in  boiling 

>  Yelkm  predpiUtea. 

*  Tbc  degree  of  reduction  of  the  molybdenum  and  the  ratio  of  biamuth  to  molybdenum 
in  thisptedpitate  are  dlacuaaed  in  the  following  paper. 
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water  in  a  pressure  bottle.  The  sulphide  was  filtered  in  a  weighed 
platinum,  Gooch  crucible,  washed  with  dilute  sulphuric  acid  and 
with  alcohol,  then  ignited  very  carefully  and  the  oxide  MoO^ 
weighed.    The  results  were : 

A.  B.  c 

Gram.  Gnm.  Grmm. 

Bi,0|  found 0.1289  0.1285  0.1291 

MoO,  found 0.1058  0.1058  0.1057 

Atomic  ratios,  Bi  to  Mo i  :  z.985         i  :  1.99        i  :  1.982 

These  results  were  obtained  on  white  precipitates ;  a  yellowish 
precipitate  analyzed  in  the  same  way  gave  a  ratio  of  i  :  1.71. 

The  ratio  of  bismuth  and  molybdenum  in  the  compound  having 
been  found  to  be  very  nearly  i  :  2,  it  was  evident  that  some  other 
element  or"  compound  entered  into  the  composition  of  the  precipi- 
tate. It  also  showed  that  this  molybdate  was  unknown  in  the 
literature,  as  the  only  molybdate  of  bismuth  that  could  be  found 
was  the  normal  molybdate,  ratio  2  :  3,  a  yellow  compound  soluble 
in  500  parts  of  water.^  It  was  natutally  supposed  that  ammonium 
was  the  missing  factor  in  the  ccmipound,  as  no  other  base  was  em- 
ployed. Attempts  were  made  to  obtain  the  molybdate  pure  and  free 
from  ammonium  sulphate,  so  that  the  ammonia  in  combination  could 
be  determined.  This  was  not  found  possible,  as  both  water  and 
50  per  cent,  alcohol  decomposed  the  compound,  and  no  other  avail- 
able liquid  could  be  found  with  which  the  ammonium  sulphate 
could  be  washed  out,  leaving  the  pure  molybdate  behind.  This 
peculiarity  of  the  compound  made  it  necessary  to  make  an  indirect 
determination  for  ammonia,  by  finding  the  total  in  the  compound 
and  combined  as  sulphate;  then  determining  the  sulphuric  acid 
present  and  calculating  its  equivalent  of  ammonia ;  this  subtracted 
from  the  total  ammonia  would  give  the  ammonia  in  combination. 
A  definite  amount  of  bismuth  was  employed  every  time  to  avoid 
the  necessity  of  determining  this  and  the  molybdenum  in  each 
portion. 

The  results  did  not  check  well,  but  showed  conclusively  that  the 
precipitate  contained  ammonia,  to  the  extent  of  about  i  molecule. 
Although  these  results  are  not  sufficiently  accurate  to  prove  the 
formula,  they  show  that  the  compound  is  a  new  bismuth  ammo- 
nium molybdate  with  a  ratio  of  bismuth  to  molybdenum  very  close 
to  I  :  2.    The  formula  BiNH^  (Mo04)2  would  satisfy  these  facts. 

It  should  be  emphasized  here  that  the  precipitate  is  pure  white; 

1  8toi«r*t  "  Dictionary  of  Solutyltitics." 
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diat  if  it  is  yellow  it  is  undoubtedly  contaminated  by  the  normal 
molybdate,  and  that  it  is  formed  when  the  clear  nitric  acid  solution 
containing  an  excess  of  molybdate  is  slowly  neutralized  with  dilute 
ammonia,  and  then  wanned  but  not  boiled.  As  the  conditions  for 
this  precipitation  are  narrow,  and  the  degree  of  the  reduction  of 
molybdenum  variaUe/  it  is  evident  that  care  and  strictly  uniform 
conditions  are  essential  to  the  success  of  the  method. 

THE  SEPARATION  OP  BISMUTH  AND  COPPER. 

The  exactness  of  the  molybdate  method  for  bismuth  having 
been  proved,  it  was  thought  advisable  to  find  a  shorter  separation 
from  copper,  so  as  to  make  the  method  of  practical  value,  if  possi- 
ble. The  ammonium  carbonate  method  is  a  perfect  separation,  if  it 
is  repeated  several  times,  in  presence  of  large  amounts  of  copper. 
Naturally  this  method  is  slow. 

Pretzfeld,*  in  his  new  separation  of  mercury  from  copper,  arsenic, 
and  antimony  by  hydrogen  sulphide  in  a  potassium  cyanide  solu- 
tion containing  tartaric  acid,  found  that,  among  a  few  other  metals, 
bismuth  also  interferes ;  he  did  not,  however,  determine  whether 
it  was  completely  precipitated.  A  few  experiments  showed  that 
all  the  bismuth  was  thrown  out  of  solution  by  Pretzfeld's  condi- 
tions; namely,  the  acid  solution  is  neutralized  with  potassium 
cyanide  after  about  30  cc.  of  a  saturated  tartaric  acid  solution  have 
been  added ;  enough  potassium  cyanide  must  be  added  to  dissolve 
any  precipitate  which  may  form,  except  bismuth  sulphide  thrown 
out  by  the  sulphur  in  the  cyanide.  This  alkaline  solution  is  now 
saturated  with  hydrogen  sulphide  gas,  and  the  bismuth  sulphide 
is  filtered  out.  The  filtrate  is  colorless  to  light  lemon-yellow. 
When  copper  was  added  to  the  bismuth  solution  and  the  above 
additions  were  applied,  the  deep  red  color  mentioned  by  Pretzfeld 
was  present  every  time,  in  spite  of  the  presence  of  tartaric  acid. 

Wlien  the  bismuth  copper  mixture  was  first  made  alkaline  with 
caustic  potash,  after  adding  tartaric  acid,  and  potassium  cyanide 
was  added  till  the  solution  was  clear,  neither  a  red  color  appeared, 
nor  was  it  necessary  to  use  more  than  a  small  amount  of  potassium 
cyanide.  The  solution,  even  after  saturation  with  hydrogen  sul- 
phide was  never  darker  than  a  light  lemon-yellow.  The  most 
important  points  were,  however,  that  all  the  bismuth  was  precipi- 

1  Sec  toUeming  ftttkle. 

*  DiHcitatioii,  *'  The  Dctcnnination  and  Separation  of  Mercury,**  Columbia  Unlver- 
iit3r.t9aa.   Thiajonnial,  95,905(1903). 
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tated  as  sulphide  in  small  bulk,  all  copper  remained  in  solution 
and  the  filter-paper  could  be  washed  free  from  copper  with 
potassium  cyanide  solution  or  pure  water,  and  pure  bismuth  sul- 
phide remained. 


Rbsui^ts. 

Bi(NOt)t  taken, 
cc. 

Bi  Uken. 
Gnin. 

Cu, 

Gnin. 

BicOt  found. 
Gram. 

Bi  found. 
Gram. 

lO 

O.II55 

0.5 

0.1285 

O.II521 

lO 

0.1 155 

0.5 

0.1287 

O.II539 

lO 

0.1 155 

I.o 

0.1284 

O.II512 

The  bismuth  sulphide  was  dissolved  in  nitric  acid,  and  then  the 
bismuth  was  reprecipitated  as  basic  carbonate  which  was  ignited 
to  oxide  and  weighed. 

ANALYSIS  OF  BISMUTH  ORES. 

Two  samples  of  bismuth  ores  containing  iron,  but  free  from 
copper,  were  obtained  and  these  were  used  to  show  the  exactness 
of  the  new  method,  as  compared  to  the  basic  carbonate  method. 

From  0.3  gram  to  0.5  gram  of  the  richer  ore  were  used  for 
analysis  and  treated  as  follows:  The  ore  was  decomposed  with 
nitric  acid  and  was  evaporated  with  sulphuric  acid  to  fumes ;  after 
dilution,  the  residue  was  filtered  off  and  re-treated  with  nitric  and 
sulphuric  acids  as  before.  The  filtrates  were  combined  and  diluted 
to  about  750  cc.  Then  bismuth  sulphide  was  precipitated  with 
hydrogen  sulphide  and  filtered  out.  For  the  carbonate  method, 
this  sulphide  was  dissolved  in  hot  dilute  nitric  acid  and  precipi- 
tated by  adding  ammonia  and  ammonium  carbonate,  and  heating. 
The  precipitated  basic  carbonate  was  filtered,  washed  and  ignited 
in  a  weighed  porcelain  crucible.  To  insure  against  any  reduction 
of  metal  by  the  burning  of  the  paper,  the  carbonate  was  dissolved 
through  the  paper,  into  the  crucible,  with  hot  dilute  nitric  acid. 

For  the  molybdate  method,  the  bismuth  sulphide  was  also  dis- 
solved in  nitric  acid  and  this  solution  was  treated  with  tartaric 
acid,  potassium  hydroxide,  potassium  cyanide  and  hydrogen  sul- 
phide, to  free  the  bismuth  of  impurities  which  would  interfere  in 
the  molybdate  method.  The  pure  bismuth  sulphide  was  again 
dissolved  in  nitric  acid,  precipitated  as  molybdate,  dissolved, 
reduced,  and  titrated.  The  following  results  show  the  comparative 
accuracy  of  the  two  methods. 
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RBSni,T8. 

Bi  fooad. 
Grmm.  Per  cent. 

0.0983  19.65 

0.0984  19.67 

0.0984  19-65 

0.0982  19.60 

Bi  found. 
Gram.  Per  cent. 

0.0987  19.74 

O.Q594  19.71 

0.0589  19.61 

The  second  ore  was  similar  to  the  first.    The  same  scheme  of 
inalysis  was  employed. 

Results. 


Ore  taken. 
Gram. 

0,0,. 
Gram. 

0.5001 

0.1096 

0-5004 

a  1098 

0.5008 

0.1098 

0.5009 

0.1095 

Ore  takes. 
GTam. 

KMn04  used, 
cc. 

0.5000 

29.6 

0.3011 

17.8 

0.3003 

17.6 

Ore  taken. 

Gram. 

Bi,04. 
Gram. 

BI  found. 
Gram. 

Percent. 

1.0002 

0.0843 

0.0756 

7.55 

0.7506 

0.0620 

0.0556 

7.41 

Ore  taken. 
Gram. 

XMn04  tttcd.i 
cc. 

Bi  fouqd. 
Gram. 

Per  cent. 

0.7505 

17.0 

0.0567 

7.55 

0.5008 

11.4 

0.0380 

7.57 

ANALYSIS  OP  COPPER  MATTE  CONTAINING  BISMUTH. 

At  the  time  these  analyses  were  under  way,  no  matte  contain- 
ing bismuth  was  on  hand,  so  a  convenient  amount  of  bismuthinite 
was  mixed  and  ground  up  with  a  matte  to  make  it  about  0.5  per 
cent,  to  0.6  per  cent,  bismuth.  This  was  then  analyzed  by  the  two 
methods,  as  with  the  ores^ 

The  method  of  procedure  was  similar  to 'that  employed  in  the 
ores,  except  that  decomposition  was  effected  with  nitric  and  hydro- 
chloric acids,  no  sulphuric  acid  being  used.  For  the  basic  carbon- 
ate method  the  bismuth  was  precipitated  alternately  with  hydrogen 
sulphide  in  acid  solution  and  then  with  ammonium  carbonate  in 
ammoniacal  solution  to  free  the  bismuth  of  iron  and  copper. 
Otherwise  the  methods  were  the  same.  It  may  be  noted  that  only 
one  precipitation  was  necessary  for  bismuth  with  hydrogen  sul- 
phide in  the  tartaric  acid,  potassium  hydroxide,  and  potassium- 
cyanide  solution  to  obtain  the  bismuth  free  from  copper.  For  one 
determination  by  the  molybdate  method,  the  standard  permangan- 
ate solution  was  diluted  to  one-tenth  the  strength  to  reduce  the 
error  in  titration,  as  the  amount  of  bismuth  was  so  small. 

*  Flictor :  x  cc  KMnO^  ■-  0.003335  gram  Bi. 
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RBSUlrTS. 

Matte  Uken.  Bl|0|  found.  KMnOi  naed. 

Oimm.  Gnm.  oc.  Percent 

a.a433  0.0134  •••  0.597 

2.539s  0.0164  ...  0.648 

2.0004  0.0126  ...  0.565 

«.«294                           3.9  0.583 

2.0032                           3.25  0.541 

».o935                          3.4  ^^             0.542 

a.a»o                        34.2=^  0.553 

The  molybdate  method  was  applied  to  the  matte  in  the  most 
unsatisfactory  way,  as  only  small  samples  were  used.  When, 
however,  enou|^h  sample  is  on  hand,  in  case  of  a  matte  low  in 
bismuth,  it  is  advisable  to  take  5  grams  to  10  grams  or  more  to 
start  with,  as  no  difficulty  will  be  experienced  in  separating  the 
copper,  and  the  quantity  of  bismuth  will  be  enough  for  convenient 
handling  by  the  molybdate  method.  Small  amounts  of  bismuth 
are  more  difficult  to  precipitate  as  molybdate,  and  the  titration  is 
not  as  reliable  when  only  a  few  cubic  centimeters  of  potassium 
permanganate  are  employed. 

CONCLUSIONS. 

The  method  proposed  by  Warwick  and  Kyle  is  founded  on  an 
old  principle  and  the  changes  made  by  them  make  it  worthless. 

Bismuth  is  completely  precipitated  by  hydrogen  sulphide  fnxn 
a  solution  treated  as  follows :  Tartaric  add  is  added  to  the  acid 
solution;  it  is  then  made  alkaline  with  caustic  potash,  a  slight 
excess  of  potassium  cyanide  is  added  and  the  solution  is  precipi- 
tated with  hydrogen  sulphide.  Under  these  conditions  copper  will 
remain  in  the  solution.  Small  amounts  of  bismuth  are  quickly 
and  easily  separated  from  large  amounts  of  copper  in  this  way. 

Bismuth  is  completely  precipitated  as  bismuth  ammonium 
molybdate  by  ammonium  molybdate  in  a  solution  just  acid  with 
nitric  acid.  This  precipitate  can  be  washed  with  a  3  per  cent,  am- 
monium sulphate  solution,  and  used  for  the  determination  of  bis- 
muth by  dissolving  in  sulphuric  acid,  reducing  the  molybdenum 
and  reoxidizing  with  potassium  permanganate  as  in  the  method 
for  phosphorus. 

This  separation  and  determination  give  a  method  equal  in 
accuracy  to  the  basic  carbonate  method,  while  the  time  necessary, 
especially  when  large  amounts  of  copper  are  present,  is  very  much 
less. 
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m  THE  REDUCTION  OP  flOLYBDENUM  BY  ZINC  AND  THE 
RATIO  OP  BISMUTH  TO  MOLYBDENUM  IN 

BisnuTH  AfinoNiun  molybdate. 

Bt  Bdkuhd  H.  Mxllbb  and  Hbm&y  Pbahk. 

R«cdv«d  Jane  M.  190s. 

Numerous  investigations  have  been  made  on  the  reduction  of 
molybdenum  by  zinc  in  a  reductor.  W.  A.  Ndyes*  and  Frohman 
carac  to  the  conclusion  that  the  reduction  corresponded  to  a  salt 
of  the  oxide  Mo^O,,  provided  that  the  air  is  displaced  by  carbon 
dioxide  in  the  titrating  flask.  Blair'  and  Whitfield,  howeveri 
although  they  followed  Noyes  and  Prohman's  conditions,  could 
never  attain  a  reduction  equivalent  to  the  oxide  Mo^O,,  but  almost 
mvariably  obtained  reduction  equivalent  to  an  oxide,  Mo^iPn. 
Odier  investigators  have  either  confirmed,  the  results  of  Blair  and 
Whitfield  or  come  to  the  conclusion  that  the  reduction  did  not 
proceed  even  as  far  as  Mo^40,r,  but  to  a  point  corresponding  to 
an  oxide  of  the  formula  MOi^Oj,.  Drown,*  however,  by  the  use 
of  loo-mesh  zinc  in  a  closed  flask,  has  obtained  a  reduction  corre- 
sponding to  the  oxide  Mo^O,. 

It  was  the  object  of  this  work  to  study  the  extent  of  the  reduc- 
tion produced  in  a  reductor  when  the  conditions,  such  as  th^  length 
of  the  column  of  zinc,  the  acidity,  the  temperature  and  the  atmos- 
phere were  varied,  and  to  see  whether  the  oxide  Mo^O,  could  be 
reached  (Part  I).  And  also,  when  the  conditions  for  a  definite 
d^ee  of  reduction  were  obtained,  to  apply  these  to  the  confirma- 
tion of  the  ratio  of  bismuth  to  molybdenum  in  the  new  bismuth 

1  Thto  JotttiMl,  16.  5S3* 

•/Mf..i7,747. 

*  Blair's  **  Cheminl  AnalysU  of  Iron."  4tta  edition  p.  99. 
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ammonium  molybdate  described  by  Riederer  in  the  preceding  ar-  * 
tide  (Part  II). 

Part  I. 

About  6  liters  of  ammonium  molybdate  solution  were  made 
containing  lo  grams  of  (NH4)eMo7024.2H,0  per  liter.  This  was 
standardized  by  precipitating  as  lead  molybdate,  giving  the  follow- 
ing values  per  cubic  centimeter  in  grams  of  molybdic  oxide, 
0.008032  :  0.008034  :  0.008037  •  0.008026  :  0.008024 ;  average, 
0.008031. 

Neither  conversion  of  the  sulphide  to  oxide  nor  evaporation  of 
the  solution  with  nitric  acid  gave  concordant  results,  so,  to  obtain  a 
check  by  another  method,  Smith's  electrolytic  method  was  followed 
exactly,  which  gave  for  two  determinations  0.008020  and  0.008035 
gram  of  molybdic  oxide  per  cubic  centimeter,  thus  confirming  the 
accuracy  of  the  lead  molybdate  determinations. 

A  sufficient  quantity  of  potassium  permanganate  solution  was 
prepared  and  standardized  both  against  ferrous  ammonium  sul- 
phate and  oxalic  acid.  The  value  was  0.004546  gram  of  iron  per 
cubic  centimeter. 

According  to  the  reactions 
SMo^jOio  +  34KMnO,  =  60M0O3  -|-  17KJO  +  34MnO,  ( i ) 
SMoj^O^  -h  70KMn04  =  120M0O8+  35K,0  -f  7oMnO,  (2) 
5Mo.,0,  +  6KMnO,  =  10M0O3  +  jKoO  -f  6MnO,       (3) 
the  value  of  this  permanganate  solution  in  grams  of  MoO^  is 

0.004133.     i2Mo  =  34Fe.    MouO^  to  M0O3,       .   (O 
0.004015.    12M0  =  35Fe.    Mo240g7  to  MoO,,  (2) 

0.003903.     i2Mo  =  36Fe.     MojOg  to  M0O3,  (3) 

using  the  atomic  weights  of  1903,  Fe,  55.9  and  Mo,  96. 

Experiment  I, — Ati  ordinary  reductor  was  used  with  a  lo-inch 
column  of  unamalgamated  zinc  (20-30  mesh)  ;  the  bulk  of  the 
solution  was  200  cc;  the  acidity,  10  cc.  concentrated  sulphuric 
acid;  the  temperature,  75®  C.  The  molybdate  solution  was  fol- 
lowed immediately  by  100  cc.  of  hot  water  and  titrated  at  once  in 
the  reductor  flask.  The  permanganate  required  for  the  iron  in 
the  zinc  was  deducted  throughout.  The  time  required  for  the  solu- 
tion to  pass  thrbugh  the  reductor  was  two  minutes  in  this  case. 
The  results  were : 
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Ammoniain 

nolybdate. 

cc. 


KMn04. 
cc. 


Value  of  KMnOf 

per  cc.  ill  grams 

of  MoOa. 


MoOs. 
Gram. 

20  40.0  o.i6c6  0.004015 
25                            49.8                           0.2007  0.004030 

21  41.8  0.1687  0.004027 

The  results  of  this  first  experiment,  though  not  very  concordant, 
show  an  approximation  to  the  value  0.004015  which  corresponds 
to  reduction  equivalent  to  M024O37. 

Experiment  II, — Here  and  throughout  the  rest  of  the  work  a 
l<Mig  glass  tube,  provided  with  a  glass  stop-cock,  was  used  as  a  re- 
ductor.  In  this  set  of  experiments,  the  length  of  the  column  of 
zinc  was  15  inches ;  the  time  of  passage  5-7  minutes ;  the  tempera- 
ture, 75*  C. ;  the  bulk  of  solution,  200  cc. ;  of  wash  water,  100  cc. ; 
the  acidity,  10  cc.  of  concentrated  sulphuric  acid. 

The  results  were  as  follows : 


Ammonium 

motybdate 

•olntioiL 

ec 

KMn04. 
CC. 

MoO,. 
Gram. 

Value  of  KMn04 

in 

fframs  of 

MoO,. 

20 

40.00 

0.1606 

0.004015 

22 
12 
21 

44.10 
24.28 
42.20 

0.r767 
0.0964 
0.1687 

0.004007 
0.003970 
0.003998 

20 

40.00 

0.16^6 

0.004015 

20 

40.20 

0.1606 

0.003995 

20 

40.12 

0.1606 

0.004003 

Average,  0.0040004 
With  the  longer  time  and  the  longer  column  of  zinc,  the  results 
show  a  satisfactor>'  agreement  and  that  the  reduction  has  pro- 
ceeded slightly  beyond  MO24O37.  The  factor  for  the  MoOj  stand- 
ard calculated  from  these  results  is  0.88,  the  factor  for  phos- 
phorus in  the  yellow  precipitate  0.01579. 

Similar  experiments  were  made  at  a  temperature  of  25®  C,  with 
both  a  long  and  a  short  reductor,  but  the  results  were  unreliable. 

Experiment  III.  Reduction  and  Titration  in  an  Atmosphere 
of  Carbon  Dioxide. — The  apparatus  consisted  of  a  500  cc.  wide- 
mouthed  bottle,  fitted  with  a  three-hole,  rubber  stopper.  Through 
one  hole  the  end  of  the  reductor  was  passed,  through  the  second 
the  long  tip  of  a  burette,  while  the  third  was  provided  with  a  tube 
connecting  with  the  suction.  The  procedure  was  as  follows :  The 
air  in  the  reductor  was  first  displaced  by  sucking  a  stream  of  car- 
bon dioxide  through  it  and  then  filled  with  air-free  water  to  a 
height  of  3  inches  above  the  level  of  the  zinc.  Five  grams  of  sodium 
bicarbonate  were  placed  in  the  bottom  of  the  bottle  and  then  all 
the  air  replaced  by  carbon  dioxide  from  a  generator ;  then  5  cc. 
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of  dilute  sulphuric  acid  were  poured  in  the  bottle  and  the  cork, 
containing  the  burette  filled  with  permanganate  and  the  reductor, 
fitted  tight.  The  suction  was  turned  on,  and  lOO  cc.  of  hot,  acidu- 
lated water  (5  cc.  of  sulphuric  add  in  100  cc.)  passed  through 
the  reductor,  followed  immediately  by  the  molybdate  solution,  and 
this  in  turn  by  100  to  150  cc.  of  wash- water  containing  3  cc.  of 
sulphuric  acid,  taking  care  that  the  solution  never  went  below  the 
level  of  the  zinc.  When  sufficient  wash-water  had  passed  through, 
the  stop-cock  of  the  reductor  was  turned  off  and  the  titration 
made  at  once.  A  blank  was  run  and  the  iron  in  the  zinc  allowed 
for.  The  important  conditions  were:  Time  of  passage,  7-10 
minutes ;  temperature,  70^-75**  C. ;  volume  of  molybdate  solution, 
200  cc. ;  acidity,  10  cc.  concentrated  sulphuric  acid;  length  of 
column  of  zinc,  15  inches  (not  amalgamated).   Results  were : 

Ammonium  Value  of 

KMii04iii 
MoO|.  grams  of 

Gram.  MoOg. 

O.20O7  o.oo393«[ 


molyMate 

•olotloii. 

KMBO4. 

cc 

oc. 

25 

51.00 

a6 

53.15 

ao 

40.70 

20 

40.60 

21 

42.80 

25 

19 

» 

20 

40.70 

20 

40.65 

25 

50.90 

0.2088  0.003928 

o.  1606  0.003946 

0.1606  0.003955 

0.1687  0.003941 

0.2007  0.003943 

0.1526  0.003933 

0.1606  0.003946 

0.1606  0.003951 

0.2007  0.003943 


Ayerage,    0.003942 
As  the  theoretidal  strength  of  the  permanganate  would  be 
0.003903  if  the  reduction  were  to  Mo^O,,  it  is  evident  that  this  has 
not  been  attained,  but  that  the  reduction  is  to  a  point  a  little  below 
midway  between  Mo^tPn  and  Mo^O,. 

Experiment  IV.  Another  Attempt  to  Reach  Mo^O^. — ^The  solu- 
tion was  first  passed  through  a  short  reductor  (Experiment  I) 
and  then  was  treated  as  in  Experiment  III,  using  an  atmosphere 
of  carbon  dioxide,  etc.    Results  were : 


nonium 

Value  of  I  cc 

ybdate. 

KMn04. 

MoOt. 

KMnOjin 
grama  MoOg. 

cc. 

oc. 

Gram. 

^ 

51.10 
5318 

0.2007 
0.2088 

0.003927 
0.003926 

20 

40.93 

0.1606 

0.003921 

21 

§« 

0.1687 

0.003951 

II 

0.1526 

0.003951 

36.76 

0.1446 

0.003933 

23 

46.97 

0.1847 

0.003932 

Average,    0.003933 
The  volume  at  the  first  reduction  was  100  cc,  containing  5  cc« 
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ooncentrated  sulphuric  acid  after  passing  the  first  reductor;  it 
was  made  up  to  200  cc.  after  5  cc.  more  of  sulphuric  acid  had  been 
added.  The  tune  of  passage  was  eight  to  ten  minutes.  The  results 
do  not  differ  sufficiently  from  those  of  Experiment  III  to  deserve 
Gooiment. 

In  order  to  test  the  rapidity  of  reoxidation  by  air,  two  more 
portions,  each  containing  0.1606  gram  of  molybdenum  trioxide, 
were  reduced,  as  just  described,  in  an  atmosphereof  carbon  dioxide, 
then  before  titration  a  blast  of  air  was  forced  through,  in  one  case 
for  three,  in  the  other  for  four  minutes. 

A.  Blast  for  3  minutes  required  30.08  cc.  KMnOf  ori  cc.  =  0.004109. 

B.  "      ••   4       ••  "       38.50  ••        *•        "  I  "    =0.004171. 

Had  there  been  no  reoxidation,  40.83  cc.  of  KMn04  would  have 
been  required.  The  reoxidation  to  Mo^jOjo,  equivalent  to 
0-^i33>  would  have  been  accomplished  in  three  and  one-half 
minutes  under  those  conditions. 

Experiment  V. — Identical  with  II  except  that  amalgamated 
zinc  was  used.    Results  were : 


Bolybdate 

•oliitkm. 

KMnOf. 

ot 

oc. 

ao 

39.9 

25 

49.9 

21 

4a.o 

ao 

40.0 

26 

51.9 

23 

46.0 

MoOs. 
Gram. 
0.1606 
0.2007 
0.1687 
0.1606 
0.2088 
0.1847 


Value  of 

KMnO^ 

infframl 

MoOt. 
aoo4027 
0.004022 
0.004016 
0.004015 
0.004023 
0.004015 


Average,  0.0040196 
The  reduction  does  not  proceed  quite  as  far  as  with  the  un- 
amalgamated  zinc,  although  the  difference  is  hardly  more  than  the 
Gq)erimental  error.  The  average  result  is  very  close  to  reduction 
to  Mo,^0,7,  while  the  three  lowest  and  most  concordant  results 
agree  exactly  with  the  calculated  value  for  that  oxide — 0.0040T5. 
Experiment  VL — This  is  a  repetition  of  IV,  except  that  amal- 
gan!2ted  zinc  was  used.    The  results  were: 

Value  of  KMnOi 
in  grams 
of  MoOa. 
0.003935 

0-00395I 
0.003941 
0.003940 
0.003949 
0.003951 
0.003955 
0.003946 
0.003960 


fbdate. 

KMnOf. 

Moo,. 

oc 

cc. 

Gram. 

25 

51.0 

0.2007 

n 

50.8 

0.2007 

% 

591 
53.0 

S:'^ 

M 

48.8 

0.1927 

21 

43.7 

0.1687 

20 

4a6 

0.1606 

90 

40.7 

0.1606 

21 

42.6 

0.1687 

Average,    0.0039475 
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This  is  practically  the  same  result  as  with  the  unamalgamated 
zinc,  though  here,  as  in  the  preceding  experiment,  there  is  a 
tendency  for  the  amalgamated  zinc  to  give  a  slightly  less  complete 
reduction. 

Experiment  VIL— Reduction  with  Zinc  Foil  in  a  Flask. — 
Twenty  cc.  of  the  standard  ammonium  molybdate  solution  were 
diluted  to  lOO  cc.  and  placed  in  a  flask  with  four  pieces  of  thin 
sheet  zinc,  i  inch  square,  and  15  cc.  of  sulphuric  acid,  and  boiled 
for  twenty  minutes.  The  solution  became  deep  green  in  color,  but 
on  dilution  to  300  cc.  with  cold  water  it  changed  to  port-wine 
color.  The  results  were  39.1  cc.  and  38.9  cc.  of  title  permanganate 
solution,  so  that  the  reduction  was  very  nearly  equivalent  to 
MOiaO,.. 

Average  result,  i  cc.  KMnO^  =^  0.004 11 8. 
Theory  for  Moi,0,„  1  cc.  KMnO^  =  0.004133. 

The  same  experiments  were  repeated,  except  that  the  solution 
was  boiled  for  half  an  hour  and  then  diluted  to  300  cc.  with  hot, 
air-free  water.  The  solutions  retained  their  deep  green  color  and 
required  40  cc.  and  40.15  cc.  of  permanganate  for  their  reoxida- 
tion.  These  results  are  equivalent  to  0.004015  gram  MoO,  and 
0.004000  gram  M0O3  per  cubic  centimeter  of  permanganate,  agrei*- 
ing  with  reduction  to  ilOj^OjT,  as  obtained  in  Experiment  II. 

Magnesium  and  aluminum  were  also  tried,  but  without  satis- 
factory results. 

Experiment  VIII. — Blair's*  conditions  for  the  reduction  of 
molybdenum  were  followed  exactly.  Twenty  cc.  of  the  ammo- 
nium molybdate  solution  was  diluted  to  150  cc,  20  cc.  of  sulphuric 
acid  added  and  finally  5  grams  of  pulverized  zinc.  The  solution 
was  heated  in  order  to  start  the  reaction  and  then  the  stopper, 
containing  a  tube  bent  twice  at  right  angles,  was  inserted.  The 
other  end  of  the  tube  dipped  into  a  saturated  solution  of  sodium 
bicarbonate.  After  complete  solution  of  the  zinc,  which  usually 
required  about  an  hour,  the  green  solution  was  immediately 
titrated  with  permanganate.    Results  were  as  follows : 

RMn04. 
cc, 

41.5 
41.3 
41.6 
41.4 

1  *'  Cbemicml  Analysin  of  Iron,"  3rd  edition. 


MoO,. 

Value  o£KMn04  in 

Gram. 

grama  of  MoOt. 

0.1606 

0.003870 

0.1606 

0.003888 

0.1606 

0.003861 

0.1606 

0.003879 

Average,    0.0038745 
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The  calculated  value  for  reduction  to  Mo,0,  is  0.003903.  The 
results  show  that  this  reduction  is  fully  obtained,  but  the  method 
is  not  as  satisfactory  as  the  reductor. 

CONCLUSIONS. 

In  general,  we  have  confirmed  Blair's  statements  in  all  respects 
and  have  not  succeeded  in  obtaining  reduction  to  MOgO,  in  a  re- 
dactor. Our  work  has  emphasized  the  importance  of  absolute 
uniformity  in  the  conditions  for  both  reduction  and  titration  with 
with  those  used  when  the  factor  was  obtained,  as  stated  by  W.  A. 
Xoyes.  There  is  no  definite  stopping  point  at  Mo240,7,  though 
the  reduction  under  ihe  usual  conditions  proceeds  very  close  to  this 
point. 

When  the  reduction  is  accomplished  under  the  following  condi- 
tions: Length  of  column  of  20-30  mesh  zinc,  15  inches;  time  of 
passage,  about  6  minutes ;  temperature,  70*" -75''  C. ;  volume,  200  cc. ; 
addity,  10  cc.  of  concentrated  sulphuric  acid ;  and  the  titration  is 
made  in  the  reductor  flask  without  dilution  or  delay,  but  using  no 
atmosphere  of  carbon  dioxide,  the  factors  are:  For  unamalga- 
mated  zinc,  iron  standard  of  permanganate  times  0.88  gives 
MoO,  standard;  times  0.01579  gives  phosphorus  standard;  when 
the  "yellow  precipitate"  is  titrated.  For  amalgamated  zinc  these 
factors  are  0.8842  and  0.01586.  The  factors  based  on  reduction 
to  MOmO„  are  0.8832  and  0.01584,  using  the  atomic  weights  of 
1903. 

Part  II. 

Bismuth  ammonium  molybdate  was  prepared  as  follows:  Ten 
cc.  of  the  standard  bismuth  nitrate  solution  (described  in  the  pre- 
ceding article)  were  run  into  a  beaker  and  100  cc.  of  the  ordinary 
acid  ammonium  molybdate  reagent  were  added,  the  solution 
diluted  to  about  200  cc.  and  heated  on  an  asbestos  disk  by  a  Bunsen 
burner.  While  the  heating  was  in  progress,  ammonia  (sp.  gr. 
0.96)  was  run  in  from  a  burette  and  the  solution  stirred  vigor- 
ously. The  addition  of  ammonia  caused  the  formation  of  a  pre- 
cipitate and  gave  a  yellow  color  to  the  solution  which,  as  the 
neutral  point  was  approached,  disappeared,  and  a  bluish  tint  was 
noticeable.  This  was  used  as  an  indication  that  sufficient  ammonia 
had  been  added.  The  solution  must  be  very  hot,  but  not  boiling, 
and  the  precipitate  pure  white.  It  was  washed  free  from  molyb- 
denum by  a  3  per  cent,  solution  of  ammonium  sulphate,  then  into  a 


Bi  taken. 

Bi  found. 

Calcttlfttcd 
BiMo  ratio. 

O.II55 

0.1 147 

I  :  1.986 

0.1155 

O.II51 

I  :  1.993 

O.I  155 

O.I 150 

I  :  1.991 
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clean  beaker  with  hot  water.  Ten  cc.  of  sulphuric  acid  were  added, 
and  the  solution  was  reduced  and  titrated  under  conditions  of 
Experiment  II.  Assuming  that  there  are  present  in  the  precipitate 
2  molecules  of  M0O3  for  each  atom  of  bismuth,  the  strength  of  the 
permanganate  solution  is  0.002896  gram  bismuth  per  cubic  centi- 
meter.   The  results  of  three  determinations  were : 

KMn04. 
cc. 

3960 
39.75 
39.70 

The  reduction  and  titration  were  then  made  according  to  the 
conditions  of  Experiment  III ;  the  bismuth  value  of  the  perman- 
ganate becomes  i  cc.  =  0.002854.    The  results  were : 

KMnOf.  Calculated 

cc.  Bi  taken.  Bi  found.  BiMo  ratio. 

40.40  0.1155  0.1153  I  :  1.997 

40.35  0.1155  0.11515  I  :  1.994 

As  methyl  orange  was  not  found  a  satisfactory  indicator  in  the 
precipitation  of  bismuth  by  this  method,  others  were  tried  and 
Congo  red  was  adopted  as  the  most  convenient.  We  next  carried 
out  the  precipitation  as  follows :  To  the  solution  containing  bismuth 
nitrate  and  5  per  cent,  of  free  nitric  acid,  a  decided  excess  of  the 
ordinary  molybdate  reagent  was  added ;  there  should  be  no  precipi- 
tate produced  at  this  point.  A  few  drops  of  congo  red  were  added 
and  then  very  dilute  ammonia  slowly  from  a  burette,  with 
stirring ;  in  a  short  time  a  white  precipitate  began  to  appear.  We 
continued  to  add  ammonia  (in  the  cold)  till  the  indicator  became 
pink ;  next  a  few  drops  of  dilute  nitric  acid  were  added  so  that  the 
color  was  lilac  (just  neutral).  The  solution  was  wanrted  on  a 
thick  asbestos  pad,  but  not  to  boiling.  The  precipitate  collected 
and  filtered  well.  It  looked  like  silver  chloride  and  was  extremely 
easy  to  wash.  The  indicator  was  decomposed  on  heating  and 
separated  out  as  a  pink  lake,  which  adhered  to  the  filter-paper. 

Under  the  conditions  given,  the  precipitation  is  absolutely  com- 
plete, but  if  too  much  nitric  acid  is  added,  so  that  the  indicator  is 
turned  back  to  a  decided  blue  col6r,  the  precipitate  does  not  collect 
or  filter  as  well  and  the  filtrate  may  contain  traces  of  bismuth. 

Two  precipitates  made  in  this  way  were  analyzed  as  follows : 
After  decomposition  by  ammonium  sulphide,  the  bismuth  sulphide 
was  dissolved  in  nitric  acid  and  weighed  as  oxide.  The  molyb- 
denum was  precipitated  from  the  ammonium  sulphide  filtrate  by 
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making  slightly  acid  with  hydrochloric  acid  and  allowing  to  stand 
for  several  hours.  The  sulphide  was  dissolved  in  aqua  regia, 
evaporated  to  small  volume,  neutralized  with  ammonia  and  then 
precipitated  as  lead  molybdate.    The  results  were : 

Na  I.    Weight  PbMo04  0.7558  gnm  =  Mo  0.1977  gram. 
*'       BisOi*     0.2456  gram  =  Bi   0.2202  gram. 
Atomic  ratio  Bi  :  Mo  :  :  z  :  1.95. 

No.  2.    Weight  PbMoOi  0.6172  gram  Mo  =  o.  1615  gram. 
'*       Bi,Ot       0.195 1  gram  Bi   =  0.1747  gram. 
Atomic  ratio  Bi  :  Mo  :  :  i  :  2.007. 

Two  portions  of  10  cc.  each  of  the  standard  bismuth  solution 
were  precipitated  and  the  precipitates  analyzed  for  ammonia. 
After  deducting  the  relatively  large  amount  present  as  ammonium 
sdphate,  0.0588  gram,^  from  the  total  ammonia,  0.06722  gram, 
theaimnonia  (NH,)  in  combination  with  0.1155  gram  of  bismuth 
was  0.0084  gram  in  one  case,  and  0.0598 — 0.05182  or  0.00806  gram 
in  the  other.  These  values  give  Bi  :  NH,  ratios  of  i  :  0.9-  and 
1 .0.85  respectively  or  4.24  and  4.06  per  cent.  (NH4)20  compared 
with  the  theory  for  BiNH4(Mo04)2,  4.76  per  cent.  Although 
Aese  precipitates  were  sucked  dry  on  a  Biichner  funnel  to  remove 
as  much  as  possible  of  the  excess  of  ammonium  sulphate,*  the 
relatively  lai^e  quantity  of  ammonium  as  sulphate  renders  the 
accnrate  determination  of  that  existing  in  combination  with  the 
bismath  a  matter  of  difficulty. 

The  iMowing  experiments  were  made  to  secT  whether  there  was 
any  variation  in  the  composition  of  the  precipitate  when  formed 
according  to  the  three  methods  given.  The  results  are  in  grams 
of  bismuth,  obtained  by  the  titration  method  already  fully  de- 
scribed. 

A.  Riederer's  conditions;  methyl  orange  indicator;  solution 
just  add  with  nitric  acid ;  bismuth  takfcn,  0.1280 ;  found,  0.1278. 

B.  Congo  red  as  indicator;  solution  neutral;  bismuth  taken. 
0.1280;  found,  0.1285  and  0.1288.  (These  slightly  high  results 
may  be  due  to  the  carrying  down  of  molybdenum  by  the  indicator 
toformalake.) 

C.  No  indicator;  solution  made  slightly  alkaline;  bismuth 
bkcn,  0.1280 ;  found,  0.1274  and  0.1277. 

CONCLUSION. 

The  peculiar  properties  of  this  precipitate,^ — that  it  cannot  be 

>  Cikttlsted  from  the  8O4  determiiied  as  BftS04. 
'AaaaggttUdhf  ProfcMor  W.  A.  Noyes. 
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washed  with  water  or  dried  without  decomposition,  make  the  de- 
termination of  its  composition  a  matter  of  extraordinary  difficulty, 
as  everything  must  be  found  by  ratios,  and  the  ammonia  deter- 
mination is  complicated  by  the  ammonium  sulphate  present. 
But  from  the  preceding  determinations  and  others  by  other  work- 
ers, there  seems  to  be  no  doubt  that  the  ratio  of  bismuth  to  molyb- 
denum is  as  one  is  to  two  and  that  if  the  formula  is  not 
BiXH4(Mo04)2,  the  variation  is  extremely  slight  and  not  such 
as  to  prevent  the  use  of  this  precipitate  for  the  volumetric  deter- 
mination of  bismuth. 

QUAirrxTATxvB  Laboratory, 
June  ao,  1903. 


[COimUBUTION    FROM   THE   ChBMICAI.    LABORATORIES   OP   THE    MASSA- 
CHUSETTS Institute  op  Technology.] 

THE  CONSTITUTION  OF  POTASSIUH  RUTHENIUM  NITROSO- 
CHLORIDE  IN  AQUEOUS  SOLUTION. 

By  8.  C.  LiND. 
Rec«lv«d  Jaa«  ■$■  ifQ). 

This  salt  is  the  one  which  led  Claus  in  1845  ^^  identify  rutheni- 
um as  a  new  metallic  element.  He  supposed  it,  however,  to  have 
the  formula  KaRuCl^,  and,  therefore,  to  belong  to  the  well-known 
class  of  salts  represented  by  K,PtCl«.  In  1888,  A.  Joly*  showed 
that  this  is  not  the  case,  but  that  the  compound  is  a  mononitroso 
salt  of  the  formula  KoRuCljNO.  The  properties  of  this  salt  and 
analyses  of  it  by  several  authors  are  presented  in  Freeny's  "En- 
cyclopedic Chimique."*  J.  L.  Howe*  has  confirmed  this  interest- 
ing discovery  and  has  described  the  salt  very  fully,  and  given  new 
analytical  data  in  regard  to^it. 

The  properties  presented  by  this  salt,  its  rather  unique  formula, 
and  also  its  relation  to  several  other  analogous  ruthenium  salts, 
have  made  a  study  of  its  constitution  in  aqueous  solution  of  in- 
terest. Such  an  investigation  was  undertaken  at  the  suggestion 
of  Dr.  Jas.  L.  Howe,  to  whom  the  author  is  indebted  for  the  salt 
used  in  the  following  measurements.  His  analyses  were  made 
on  this  same  sample ;  they  will  be  found  in  his  article  referred  to 
above.    The  author  also  desires  to  acknowledge  his  indebtedness 

>  Compi.  Rend^  107.  994  (1888). 

<  **  Bncyclopedie  Chimiquc,*'  III.  17,  1,  179-181. 

a  This  Journal,  16. 388  (1894). 
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to  Dr.  Arthur  A.  Noyes  for  his  supervision  of,  and  assistance  in, 
this  investigation. 

The  following  determinations  have  been  made.  First,  the  elec- 
trical conductivity  of  the  salt  at  22^,  at  various  concentrations 
from  ^/^  to  *A5«o  normal ;  second,  the  lowering  produced  by  the 
salt  in  the  freezing-point  of  water;  third,  the  direction  of  the 
migration  of  the  ruthenium  during  electrolysis. 

I.     CONDUCTIVITY  MEASUREMENTS. 

The  apparatus  used  was  th^  ordinary  slide  wire-bridge  arrange- 
ment of  Kohlrausch.  The  temperature  employed  was  22^  (cor- 
rected), kept  constant  within  o.i^  by  means  of  a  thermostat.  The 
amount  of  salt  required  to  make  100  cc.  of  an  N/20  solution  (that 
is,  one  containing  V^o  K^RuClsNO  per  liter)  was  dissolved  in 
a  weired  amount  of  water.  This  was  used  as  a  stock  solution 
for  making  the  more  dilute  solutions. 

The  salt  was  found  to  be  perfectly  stable  in  water  solution  at 
all  the  various  concentrations,  the  conductivity  of  the  solutions 
not  changing  at  all  in  two  weeks. 

In  the  following  tcble,  the  conductivity  values  obtained  at  the 
various  dilutions,  are  given,  expressed  in  reciprocal  ohms.  For 
comparison  are  also  given  the  corresponding  values  for  potassium 
platinic  chloride  at  the  same  dilutions.  These  values  were  ob- 
tained from  Walden's  measurements  at  25**  by  applying  a  tempera- 
ture correction  of  2.2  per  cent,  per  degree,  to  the  values  for  the 
different  dilutions,  obtained  by  interpolations  from  plots.  The 
diange  from  the  Siemen's  unit  to  the  reciprocal  ohm  was  effected 
by  dividing  each  value  by  1.063. 

The  specific  conductivity  of  the  water  used  in  dissolving  the 
saltandmakingthedilutionswasi.4  X  lo*^  reciprocal  ohms.  This 
was  subtracted  in  each  case  from  the  specific  conductivity  of  the 
solution  before  calculating  the  equivalent  conductivity. 
Table  I.— Conductivity  Values  at  22®. 

Litcts  per  BqulvAlcnt  Conductivity. 

cqahralciit.  KtRuCUNO.  K,PtCl«. 

ao  99.8  .  • .  • 

40  106.4  96*6 

80  IIO.3  IOI.5 

160  1 15.4  105.4 

320  118.5  108.5 

640  13I.9  III. I 

1280  126.0  1 13.4 

2560  i»7.5 
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0.4001 
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0.251® 

0.242° 
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20 

0.2240 
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0.148® 

51.17 
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20 

0. 1052 
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50.59 

2.72 
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II.     FREEZING-POINT  LOWERING. 

The  method  employed  was  the  usual  one  described  by  Raoult. 
A  correction  was  applied  to  the  observed  lowering  for  the  in- 
creased concentration  of  the  solution  by  the  ice  separated  from  it. 
This  correction  was  calculated  from  the  heat  of  fusion  and  the 
supercooling  of  the  solution,  which  was  1.5  to  3.5**. 
Tabi«b  II.— Prbbzing-Point  ]X)WERING. 

IB       is 

?  J 

& 

«i 

a  s 

H 

78.0 
76.0 

87.5 
86.0 

By  making  a  plot,  using  the  conductivity  values  as  abscissas  and 
the  cube  roots  of  the  corresponding  concentrations  as  ordinates,  a 
straight  line  is  obtained.  If  this  line  be  continued  to  zero  concen- 
tration, a  value  is  obtained  for  conductivity  at  infinite  dilution, 
which  in  this  case  is  found  to  be  133.5.  "^^^  maximum  conduc- 
tivity of  the  salt  represents  its  complete  dissociation;  therefore, 

from  the  ratio  .    ,  the  percentage  dissociation  of  the  N/20  solu- 

tion  is  found  to  be  74.7  per  cent.,  slightly  lower  than  the  value 
found  by  the  freezing-point  method.  From  the  above  table,  it 
appears  that  the  salt  is  partially  dissociated  into  three  iofis,  as 
would  be  expected  if  we  assign  to  it  the  formula  2K/RUCI5NO. 

III.     MIGRATION  OF  THE  RUTHENIUM  ION. 

The  solutions  of  this  salt  have  a  very  characteristic  violet-red 
color,  which  is  due  to  the  ruthenium  ion.  This  seemed  to  offer  a 
good  opportunity  of  investigating  the  direction  of  motion  of  the 
colored  ions  under  the  influence  of  a  direct  electric  current. 

The  form  of  apparatus  used  was  suggested  to  the  author  by  Mr. 
A.  C.  Melcher,  and  is  so  simple  and  so  well  adapted  to  experiments 
of  this  kind,  that  it  may  be  briefly  described. 

A  2  per  cent,  solution  of  agar  jelly  in  water  was  prepared,  ai^d 
to  it  was  added  a  quantity  of  potassium  chloride,  sufficient  to  make 
an  N/20  solution.  Two  3-inch  U-tubes  were  exactly  filled  with 
the  jelly  solution,  which  was  then  congealed  by  immersion  in  an 
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ice-bath.  An  approximately  N/20  solution  of  the  potassium 
ruthexiium  nitrosochloride  was  prepared  in  a  small  beaker.  One 
arm  of  each  of  the  two  inverted  U-tubes  was  dipped  into  this  solu- 
tion to  a  depth  of  about  6  mm.  The  other  arm  of  one  of  the  tubes 
was  immersed  in  a  beaker  containing  a  hydrochloric  acid  solution, 
and  that  of  the  other  tube  into  a  similar  beaker  containing  a  caustic 
potash  solution.  Into  these  two  beakers  were  introduced  platinum 
electrodes,  and  a  direct  current  was  passed  so  that  the  anode  was 
in  the  beaker  containing  the  acid  solution,  and  the  cathode  in  that 
containing  the  alkaline  solution.  The  purpose  of  these  two  solu- 
tions was  to  neutralize  the  products  of  electrolysis  set  free  at  the 
electrodes.    Their  concentration  is  immaterial. 

A  I  lo-volt  current  was  then  passed  through  the  system.  After 
its  passage  for  a  few  minutes,  a  pink  layer  appeared  above  the 
surface  of  the  solution,  in  the  arm  on  the  anode  side,  and  moved 
steadily  toward  that  electrode.  This  extension  of  the  color  zone 
continued  regularly,  with  a  well-defined  and  perfectly  level  bound- 
ary, at  a  rate  of  about  5  cm.  per  hour.  On  the  other  hand,  in  the 
cathode  arm,  not  a  trace  of  color  appeared  either  above  or  below 
the  surface  of  the  solution. 

This  decisive  result  shows  that  the  ruthenium  is  a  constituent  of 
the  n^^ative  ion,  and  that  there  are  no  positive  ions  containing 
ruthenium  in  the  solution.  This  consideration,  together  with  the 
facts  already  shown  in  regard  to  the  number  of  ions  into  which 
the  salt  dissociates,  shows  its  structure  to  be  2K"*"/RuCl5NO~~. 

SUMMARY. 

By  way  of  summary,  the  following  points  in  regard  to  the  struc- 
ture and  properties  of  this  salt  may  be  mentioned,  as  having  been 
established  by  the  foregoing  experiments. 

(i)  It  is  perfectly  stable  in  aqueous  solution,  as  is  shown  by 
the  fact  that  its  conductivity  does  not  change  at  all  in  two  weeks. 

(2)  It  has  a  molecular  conductivity  very  close  to  that  of  the 
analogous  salt,  potassium  platinic  chloride. 

(3)  The  salt  is  partially  dissociated  into  three  ions  as  shown 
hf  its  effect  on  the  freezing-point  of  water.  The  vahie  of 
van't  HofF's  coefficient  /,  is  2.52-2.72  in  V20-V70  niolar  solution. 

(4)  The  degree  of  dissociation  of  the  salt,  derived  from  the 
freezing'-point  lowering,  agrees  well  with  that  obtained  by  con- 
dactivit>'  measurements ;  it  also  agrees  with  the  value  for  potns- 
amn  platinic  chloride. 


932  R.  A.  WORSTALL. 

(5)  The  direction  of  migration  of  the  colored  ions  shows  that 
the  ruthenium  is  present  in  the  negative  ion,  and  in  that  alone. 

(6)  It  will  be  seen  from  Table  I,  that  the  values  for  the 
ruthenium  salt  are  uniformly  about  10  per  cent,  greater  than  those 
for  the  platinum  salt.  It  is  evident,  therefore,  that  the  dissociation 
relations  are  entirely  similar. 


THB  ACTION   OF   FUniNQ  SULPHURIC  ACID  UPON  ISO- 
AMYL  CHLORIDE. 

By  R.  a.  WORSTALL. 
Received  Juoe  i4i  190). 

Some  years  ago,  while  the  author  was  engaged  upon  an  investi- 
gation of  aliphatic  sulphonic  acids,  some  preliminary  work  was 
done  upon  the  products  of  the  reaction  between  isoamyl  chloride 
and  fuming  sulphuric  acid.  It  was  the  author's  intention  to  make 
an  extended  study  of  the  action  of  sulphuric  acid  of  various  de- 
grees of  concentration  upon  different  alkyl  haloids,  but  owing  to 
pressure  of  other  work  this  investigation  was  dropped,  and  neither 
the  opportunity  nor  the  facilities  have  since  been  available  for  com- 
pleting this  work.  As  it  does  not  seem  probable  that  opportunity 
will  be  afforded  for  any  further  work  along  this  line,  it  may  not 
be  amiss  to  publish  the  results  of  the  investigation  so  far  as  it  was 
carried. 

The  following  is  a  brief  resume  of  the  literature  upon  the  sub- 
ject of  the  reactions  between  sulphuric  acid  and  alkyl  haloids. 
Williamson,*  by  the  action  of  sulphuric  anhydride  upon  ethyl 
chloride,  obtained  chlorethyl  sulphuric  acid,  a  heavy  oil,  decom- 
posed by  water  into  hydrochloric  acid,  sulphuric  acid  and  ethyl 
sulphuric  acid.  Methyl  chloride  gave  a  similar  result.  By  the 
action  of  chlorsulphuric  acid  upon  the  alcohols,  the  same  com- 
pounds resulted. 

Oppenheim'  states  that  amyl  chloride  with  concentrated  sul- 
phuric acid  gave  amyl  sulphuric  acid,  and  that  all  alkyl  chlorides, 
by  similar  treatment,  lose  hydrochloric  acid  and  form  alkyl  sul- 
phuric acids.  The  same  author,'  by  acting  upon  ethylene  chloride 
and  its  homologues  with  concentrated  sulphuric  acid  in  sealed 

» J.  prakt.  Chem.^  73,  73. 
s  Am.  Chem.J.,  6.  353. 
*  JSer.  d.  chem.  Ges^  a,  axa. 


FUMING  SULPHURIC  ACID  UPON  ISOAMYL  CHLORIDE.        933 

tubes  at  130''  C,  obtained  decomposition  into  carbon,  sulphur 
dioxide  and  hydrochloric  acid.  No  action  was  apparent  at  or- 
dinary temperatures. 

Wroblewsky^  found  that  sulphuric  anhydride  with  ethylene 
bromide  separated  bromine  and  hydrobromic  acid  and  gave  brom- 

/Br 
ethyl  sulphonic  acid,  C,HX  >  fi'om  which  the  barium  salt 

^SO.OH 
was  obtained.    Ethyl  iodide  with  sulphuric  anhydride  gave  ethyl 
sulphonic  acid. 

Purgold,*  by  the  action  of  sulphuric  anhydride  on  ethyl  chloride, 
obtained  chlorethyl  sulphate,  chlorethyl  sulphonic  acid,  and  oxy- 
ethyl  sulphonchloride.  Armstrong*  studied  the  action  of  stilphuric 
anhydride  on  chloroform,  carbon  tetrachloride  and  carbon  hexa- 
diloride,  obtaining  chlorcarbonic  and  chlorsulphuric  acids. 

For  the  sulphonation  of  amyt  chloride,  30  grams  of  isoamyl 
diloride  were  added  gradually  to  60  grams  fuming  sulphuric  acid, 
and  the  mixture  kept  cool.  Heat  was  generated  with  slight  evo- 
lution of  sulphur  dioxide.  When  the  reaction  was  complete,  the 
solution  was  poured  into  water  and  the  milky  liquid  extracted 
three  times  with  ether.  The  acid  solution  was  neutralized  with 
barium  carbonate  and  filtered.  The  filtrate  was  evaporated  to 
dryness.  A  white  salt  was  left,  which  was  very  deliquescent  and 
which  darkened  somewhat  at  the  temperature  of  the  steam-bath. 
The  salt  was  extracted  with  hot  90  per  cent,  alcohol  and  filtered. 
A  large  excess  of  ether  in  the  filtrate  precipitated  a  flocculent, 
white  barium  salt,  the  precipitation  not  being  complete.  This  salt 
was  analyzed  after  washing  with  ether  and  drying,  and  found  to 
be  impure,  containing  barium  chloride. 

The  sulphonation  was  repeated,  using  50  grams  of  isoamyl 
chloride  and  200  grams  of  fuming  sulphuric  acid.  The  reaction 
mixture  was  poured  into  water  and  this  solution  extracted  three 
times  with  ether.  The  ether  solution  was  washed  and  evaporated. 
The  residue  of  12  gjams  was  a  red,  oily  liquid  of  a  disagreeable 
odor,  and  was  not  further  investigated.  The  water  solution  was 
neutralized  with  barium  carbonate,  filtered,  the  filtrate  evaporated 
to  a  small  volume,  and  an  equal  volume  of  90  per  cent,  alcohol 
added.    This  solution  was  then  evaporated  to  half  its  volume  and 

>  Zlaehr.  Ckem.  (1868),  p.  563 
*  Ber,  d.  dum.  Get.,  6.  50a. 
*J,prmJti,  Ckem,  [9].  344. 
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allowed  to  stand.  On  cooling,  beautiful,  needle-like  crystals,  nearly 
an  inch  long,  separated.  These  were  removed  and  dried,  first  be- 
tween filter-paper,  then  by  standing  in  a  desiccator  over  sulphuric 
acid.  After  standing  in  the  desiccator  for  a  day,  the  crystals  be- 
gan to  whiten  and  crumble,  showing  that  they  were  losing  water 
of  crystallization.  The  salt  was,  therefore,  recrystallized  from  60 
per  cent,  alcohol  and  dried  between  filter-paper.  In  all,  about  40 
grams  of  this  salt  were  obtained. 

Analysis  of  the  crystallized  ssilt  gave  the  following  results: 
For  moisture,  1.1218  grams  lost  0.0824  gram  at  100**,  equivalent 

to  7.34  per  cent.  H,0.     (^$^io<2o)  Ba.2H,0  should  contain 
7.10  per  cent.  H^O. 
The  salt  dried  at  100°  gave  the  following  figures : 

Calculated  for 
(c,H,o<^^J^Ba.  p^„^ 

Barium 29.09  29.05 

Sulphur 13.58  13.98 

Even  the  last  crystals  from  the  mother-liquor  gave  no  test  for 
chlorine,    proving    that    no    chlorsulphonic    acid    was    formed. 

(C5H„<sQ  )  Ba   and  (sO,<q^»^")  Ba    are    isomers.       The 

latter  is  known  to  crystallize  with  2H2O.  The  former  has  been 
reported  anhydrous.  A  concentrated  solution  of  the  salt  was 
acidified  and  boiled  with  dilute  hydrochloric  acid.  It  developed 
no  pink  color,  no  precipitate  and  no  odor  of  fusel  oil.  The  lead 
salt  was  prepared,  decomposed  by  hydrogen  sulphide  and  the  free 
acid  boiled.  It  gave,  after  loQg  boiling,  only  a  faint  test  for  stil- 
phuric  acid.  Some  isoamyl  sulphate  was  prepared  from  isoamyl 
alcohol  and  concentrated  sulphuric  acid,  and  the  barium  salt 
formed.  The  aqueous  solution  of  the  latter,  even  when  dilute, 
when  acidified  with  hydrochloric  acid  and  boiled,  gave  a  pink  color, 
the  odox  of  fusel  oil,  and  a  precipitate  of  barium  sulphate.  Hence 
there  seemed  no  doubt  that  the  compound  described  was  barium 
oxyisoamyl  sulphonate,  and  that  it  crystallizes  with  two  molecules 
of  water.  Mewes^  has  shown  that  ethyl  sulphate,  by  the  action 
of  fuming  sulphuric  acid,  is  converted  into  oxyethyl  sulphonic 
acid.  Hence  it  is  possible  that  the  first  product  of  the  reaction 
between  isoamyl  chloride  and  fuming  sulphuric  acid  is  isoamyl 
sulphate,  and  that  this,  by  further  action,  is  converted  into  the 

>  Ann.  Chun,  (I,iebig),  143, 196. 
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ox)sulphonic  acid.    There  is,  however,  no  experimental  evidence 
to  prove  this. 

Chicago  Vakxxsh  Co., 

Chicago.  June,  1903. 
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Attempts  to  brominate  nitrites  have  usually  resulted  unsuc- 
cessfully, and  the  brcmination  of  anthranilic  acid  has  given  only 
tribromaniline.  By  the  use  of  the  calculated  amount  of  nascent 
bromine,  however,  we  have  succeeded  in  introducing  two  atoms 
of  bromine,  not  only  into  the  molecule  of  anthranilic  acid,  but  also 
into  that  of  its  nitrile,  the  brominating  agent  being  an  aqueous 
solution  of  potassium  bromide  and  bromate,  in  the  proportion  of 
five  molecules  of  the  former  to  one  of  the  latter,  which,  upon  acidi- 
fying, liberates  exactly  3  molecules  of  bromine,  according  to  the 
following  equation : 

SKBr  +  KBrO,  +  6HC1  =  3Br,  +  6Kgi  +  3H,0. 
A  standard  solution  of  bromide  and  bromate,  i  cc.*of  which,  upon 
being  acidified,  liberated  0.0800  gram  of  bromine,  gave  ver>^  satis- 
factory results. 

With  both  anthranilic  acid  and  its  nitrile,  the  brcxnine  entered 
in  the  ortho-para  positions  with  reference  to  the  amino  group, 
giving  3,5-bibrom-2-aminobenzoic  acid  and  its  nitrile,  from  which, 
by  elimination  of  the  amino  group,  3,5-bibrombenzoic  acid  and  its 
nitrile  were  obtained.  This  elimination  of  the  amino  group  was 
accomplished  with  the  greatest  difficulty,  the  yield  of  the  bibrom- 
benicnc  compound  being  small. 

The  bibromanthranilic  nitrile  we  have  converted  into  quin- 
azolines  and  thioquinazolines  by  the  use  of  the  methods  previ- 
ously reported  by  us,"  the  equations  being  as  follows : 

'  Read  at  the  Clevekmd  meeting  of  the  American  Chemical  Society,  June  30,  1903. 
•  This  Journal,  S4»  1031 ;  as,  37»- 

I 


936  MARSTON  T.  BOGBRT  AND  WILLIAM  F.  HAND. 

/NH. 

I.  Br,.C,H.<  +  (R.CO),0  = 

Nov 


^CN 


^NH.CO.R 


Br,.C,H.<  +  R.COOH. 


<NH.CO.R 
+  R.COOH  = 
CN 


Br,C.H/ 


NH.CO.R 
CO.NH.CO.R* 


^N— C— R 

I      II 


Br..C.H.    I    H   O 
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H 

I 
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O 

II 
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+  A  = 


Br,.C,H,/         I  +  R.COOH. 

\CO-NH 

<r%  =  V.iV  >N  =  C — R 

I       =Br..C.H/  I 

CO— NH  x:  =  N 


,N  =  CR 


I 
OH 


II. 


/NH. 
Br,.C,H,<  +  CH,.CO.SH  = 

N:n 


Br, 


/NH— CO— CH, 
..C.h/  +  H.S. 

NrTJ 


^CN 


^NH— CO— CH, 


,NH— CO— CH, 


Br,.C,H.<  +  H,S  =  Br..C.H,< 

\CN  X:S— NH. 

.N— C— CH, 

/J-JI 

Br..C.H./     JH    O     ^1    ^^^ 

cs— n/ 


•\ 


H 


Br, 


/N  =  C— CH, 
..C,H.<  I  +  H.O. 

\CS— NH 
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.N  =  C— CH,  yN  =  C— CH, 

Br,C.H,<  I  =Br,C.H/  | 

^CS— NH  ^C  =  N 

I 
SH 

By  these  reactions,  6,8-bibrom-2-alkyl-4-ketodihydroquina2olines 
the  corresponding  methyl  thioquinazoline,  and  certain  of  their  de  • 
rivatives  have  been  prepared. 

Experimental  Part. 

bromination   of  axthraxiuc  nitrile.     3,5-bibr0m-2-amin0- 

benzonitrile. 

The  anthranilic  nitrile  used  in  these  experiments  was' prepared 
by  the  method  described  in  our  previous  paper.^ 

Bromination  in  Carbon  Tetrachloride,  Benzene,  or  Aqueous 
Solution, — On  adding  a  carbon  tetrachloride  solution  of  bromine 
to  a  similar  one -of  anthranilic  nitrile,  a  white,  amorphous  precipi- 
tate immediately  separates,  which  melts  at  (roughly)  about 
i95**-20O**.  By  a  single  crystallization  of  this  product  from  alco- 
hol, colorless  needles  of  considerable  length  are  obtained,  melting 
quite  sharply  at  95.5°  (corr.).  Bromination  in  benzene  or  in 
aqueous  solutions  appears  to  yield  similar  results.  This  product 
has  not  as  yet  been  further  investigated. 

Bromination  zvith  Hypobromite,  and  zi'ith  Nascent  Bromine. — 
Three  grams  of  anthranilic  nitrile  were  dissolved  in  dilute  alcohol, 
dilute  hydrochloric  acid  added,  and  then  sufficient  alkaline  potas- 
sium hypobromite  solution  gradually  stirred  in  to  form  a  bibrom- 
dcrivative.  Small,  white,  feathery  needles  separated,  which  melted 
sharph^at  I56**-I56.5''  (corr.)  after  several  recrystallizations  from 
95  per  cent,  alcohol.  A  portion  was  sublimed,  and  the  sublimate 
diowed  exactly  the  same  melting-point. 

Cnlculated  for 
Found.  C;H4N9Br3. 

Nitrogen 10.38  10.15 

Bromine 57.73  58.00 

A  solution  of  bromide  and  bromate  of  potassium  was  prepared 
as  already  described.  The  anthranilic  nitrile  was  dissolved  in 
about  ten  parts  of  strong  alcohol,  acidified  with  hydrochloric  acid, 

1  TUs  Joamal.  14, 1035. 
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and  the  calculated  amount  of  the  brominating  soluticMi  poured  in. 
At  first  we  used  a  large  excess  of  dilute  hydrochloric  acid  and 
cooled  with  ice,  but  later  found  both  these  precautions  unnecessary. 
The  brownish  substitution  product  separates  at  once.  It  is  washed 
thoroughly,  dissolved  in'  the  smallest  possible  amount  of  95  per 
cent,  alcohol  on  the  water-bath,  hot  water  added  until  the  cloud 
formed  redissolves  but  slowly,  and  the  solution  is  then  allowed  to 
cool.  The  bibromanthranilic  nitrile  separates  very  completely, 
in  needles,  the  yield  being  nearly  theoretical,  and  the  product 
quite  pure.  A  single  recrystallization  will  usually  remove  the  last 
traces  of  color  from  the  crystals,  the  substance  being  identical  in 
all  respects  with  that  obtained  by  the  action  of  the  hypobromite. 

This  bibrom  nitrile  forms  no  salt  when  hydrochloric  acid  gas 
is  passed  through  its  dry  ethereal  solution ;  nor  is  it  acetylated  by 
long  boiling  with  acetic  anhydride,  the  amino  group  remaining 
unaffected.  To  determine  the  position  of  the  bromine  atoms  in 
the  molecule,  the  saponification  of  the  nitrile  was  undertaken. 

SAPONIFICATION  OF  3,5-BIBR0M-2-AMIN0BENZ0NITRlLE. 

Potassium  Hydroxide, — The  bibrom  nitrile  was  boiled  for  some 
time  with  caustic  potash  of  various  strengths,  with  but  little  effect. 
A  small  amount  was  dissolved,  and  a  few  white  needles  separated 
on  cooling.  Very  strong  alkali  appeared  not  to  dissolve  it  at  all, 
while  fusion  with  potassium  hydroxide  gave  only  a  yellow  de- 
composition product. 

Hydrochloric  Acid. — ^The  nitrile  was  unchanged  by  several 
hours'  boiling  with  concentrated  hydrochloric  acid.  When  they 
were  heated  together  in  sealed  tubes  at  180**  for  several  hours, 
partial  saponification  was  secured,  accompanied  by  some  decompo- 
sition. 

Sulphuric  Acid. — Concentrated  sulphuric  acid  charred  the 
nitrile,  but  dissolved  it  completely  on  gentle  warming.  Acid  of 
75  per  cent,  to  85  per  cent,  strength  gave  a  fairly  good  saponifica- 
tion, but  the  product  was  always  brown,  even  after  solution  in 
caustic  soda  and  reprecipitation  with  hydrochloric  acid.  In  a 
sealed  tube  at  iSo"*,  however,  80  per  cent,  sulphuric  acid  gave  a 
satisfactory  saponification.  Above  185®,  rapid  decomposition  sets 
in.  It  is  advisable  to  use  as  short  a  sealed  tube  as  possible  and  to 
turn  the  same  in  the  furnace  from  time  to  time,  as  the  nitrile 
sublimes  out  of  the  sulphuric  acid  into  the  upper  end  of  the  tube 
and  is  thus  liable  to  escape  complete  saponification.    The  contents 
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of  the  tube  are  poured  into  water,  and  the  precipitate  filtered  out» 
washed  and  crystallized  irom  alcohol,  when  white  needles  are  ob- 
tained melting  at  235.5^-236''  (corr.).  A  portion  sublimed  showed 
exactly  the  same  melting-point. 

3,S-BIBROM-2-AMINOBENZOIC  ACID. 

The  melting-point  of  the  acid  obtained  by  us,  by  saponification 
of  the  bibromanthranilic  nitrile,  does  not  coincide  with  that  of  any 
of  the  bibromanthranilic  acids  so  far  reported. 

Hubner*  gives  the  melting-point  of  the  3,5-bibrom-2-amino- 
benzoic  acid  as  225°,  and  exactly  the  same  figure  (225^)  for  the 
melting-point  of  the  3,4-bibrom-2-aminobenzoic  acid,  while 
Dorsch*  found  the  melting-point  of  the  3,4-bibrom  acid  to  be 
226'*-228^,  and  states  that  his  acid  is  identical  with  that  of  Smith.* 

We,  therefore,  decided  to  attempt  the  brcxnination  of  anthranilic 
add  itself  in  the  same  manner  as  its  nitrile,  in  the  hope  of  obtain- 
ing the  same  bibromanthranilic  acid,  and  in  this  we  were  quite 
successful. 

The  anthranilic  acid  was  dissolved  in  a  very  large  volume  of 
dilute  hydrochloric  acid  and  the  bromide-bromate  solution  stirred 
in.  The  mixture  turns  blue  and  a  precipitate  slowly  separates. 
After  standing  for  half  an  hour,  the  precipitate  is  filtered  out, 
washed  thoroughly  to  remove  unchanged  anthranilic  acid,  etc., 
and  then  separated  from  any  tribromaniline  by  solution  in  cold, 
dilute  caustic  soda  and  reprecipitation  with  hydrochloric  acid. 

By  using  rather  less  than  the  calculated  amount  of  the  bromin- 
ating  solution,  very  little  tribrc«naniline  is  formed ;  any  excess  of 
bromine,  however,  above  2  molecules,  increases  the  yield  of 
tribromaniline  and  correspondingly  diminishes  that  of  the  bibrom- 
anthranilic acid.  With  3  molecules  of  bromine  to  i  of  anthranilic 
add,  only  a  trace  of  the  bibromanthranilic  acid  was  found,  the 
product  being  nearly  pure  tribromaniline. 

The  precipitated  bibromanthranilic  acid  is  washed  and  treated 
with  boneblack.  The  light  amber  solution  thus  obtained,  on  cool- 
ing, separates  small  needles  nearly  white.  These  needles  are 
suspended  in  boiling  water,  bar>'ta  water  is  added  to  alkaline  reac- 
tion, and  the  excess  of  baryta  then  removed  by  saturating  the 
boiling  solution  with  carbon  dioxide.    The  barium  carbonate  aiid 

>  Amm.  Ckem,  (I,iebig).  aaa,  175. 
•y.  ^tf*/.  Chem.  (a).  33,  36. 
*  Ber.  d  cMtm.  G€S.,  10, 1706. 
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a  small  amount  of  material  insoluble  in  baryta  water  are  filtered 
out,  and  the  filtrate  evaporated  to  crystals.  On  cooling,  the  barium 
salt  of  the  bibromanthranilic  acid  separates  in  small,  white  prisms, 
which  are  recrystalUzed  from  water,  and  then  decomposed  by 
hydrochloric  acid.  The  bibrom  acid  thus  liberated  is  cr\-stallized  - 
from  benzene  and  fiom  alcohol,  then  appearing  in  needles  of  a 
faint  yellowish  cast,  melting  at  235**-235.5°  (corn),  and  identical 
in  other  respects  with  the  acid  obtained  by  the  saponification  of 
the  bibromanthranilic  nitrile.  Both  the  acid  and  its  barium  salt 
are  rather  troublesome  to  purify,  their  solutions  rapidly  darkening 
when  heated,  and  this  may  account  for  the  low  melting-point  re- 
ported by  Hiibner.*  Well-formed  crystals  can  be  obtained  only 
by  very  slow  cooling. 

The  pure  3,5-bibrom-2-aminobenzoic  acid,  as  thus  prepared, 
is  easily  soluble  in  alcohol  (absolute),  ether  or  acetone;  moder- 
ately, in  95  per  cent,  alcohol,  boiling  benzene,  or  boiling  toluene, 
but  only  sparingly  in  the  latter  two  when  cold ;  insoluble  in  ligroin ; 
almost  insoluble  in  water,  cold  or  hot.  It  is  decomposed,  with  loss 
of  bromine,  when  gently  heated  with  slaked  lime.  Heated  alone 
in  a  sealed  tube,  at  260** -270**  it  decomposes  with  liberation  of 
hydrobromic  acid.  By  elimination  of  its  amino-group,  3,5-bibrom- 
benzoic  acid  is  formed.  By  the  action  of  dry  hydrochloric 
acid  gas  upon  its  dry  ethereal  solution,  the  hydrochloride 
separates  as  a  white  powder,  which,  when  washed  with  dry  ether 
and  dried,  gives  off  hydrochloric  acid  very  rapidly. 

SALTS  OP  3,5-BIBR0M-2-AMIN0BENZ0IC  ACID. 

Alkaline  Salts. — By  evaporating  concentrated  aqueous  solutions 
of  the  sodium  or  potassium  salts  over  sulphuric  acid  tfi  vacuo, 
these  salts  separate  in  needles  of  considerable  length.  On  account 
of  their  great  solubility  in  both  water  and  alcohol,  it  is  very  diffi- 
cult to  purify  them. 

Barium  Salt. — The  preparation  of  this  salt  we  have  already  out- 
lined. It  crystallizes  in  small  needles,  moderately  soluble  in  boil- 
ing water,  but  only  sparingly  soluble  in  cold.  The  crystals  carry 
3.5  molecules  of  water,  of  which  1.5  molecules  are  removed  by- 
drying  over  sulphuric  acid  in  vacuo.  According  to  Hiibner*  the 
crystals  contain  4H2O. 

Some  of  the  crystals,  dried  five  hours  at  100**.  lost  7.89  per 

I  Loc.cii. 
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cent,  in  weight;  (CeH,Br,(NH,)COO),Ba.3j4H,0  contains 
7.99  per  cent,  water.  A  determination  of  the  water  in  the  crystals 
dried  over  sulphuric  acid,  in  vacuo,  gave  4.78  per  cent,  and  5.05 
percent. ;  (CeH,Br2(NH,)COO),Ba.2H,0  contains  4.73  per  cent. 
H,0. 

This  latter  product,  containing  2H2O,  was  further  analyzed  for 
barium  and  nitn^n,  with  the  following  results : 

Calculated  for 
Ponnd.  (C«HsBrt(NH|)C00)tBa.3H|0. 

Baritiin 17.76    17.83  18.00 

Nitrogen 4.90  4.74 

When  heated  in  an  open  tube,  this  barium  salt  tak'es  fire  and 
buras.  By  careful  manipulation,  however,  a  sublimate  was  ob- 
tained, melting  at  74^-75**  (corr.),  which  has  not  been  further 
examined. 

EUMINATION   OP   THE   AMINO-GROUP   PROM    3,5-BIBROM-2-AMINO- 

BENZONITRILE^ 

The  bibrom  nitrile  was  suspended  in  water,  hydrochloric  acid 
added,  and  potassium  nitrite  solution  gradually  dripped  in.  •No 
diazotizing  whatever  occurred,  the  nitrile  being  recovered  un- 
changed. 

The  nitrile  was  then  dissolved  in  95  per  cent,  alcohol,  and  oxides 
of  nitrogen  (from  nitric  acid  and  arsenious  oxide)  passed  through 
the  boiling  solution.  On  concentrating  the  alcohol  solution, 
groups  of  small  needles  separated  which  were  dried  and  carefully 
sublimed,  the  sublimate  melting  sharply  at  96.5"* -gy^  (corr.). 
The  yield  is  very  small,  and  subliming  at  98**-ioo''  in  a  gentle 
current  of  air  is  the  only  method  by  which  we  have  been  able  to 
get  a  product  with  a  sharp  melting-point. 

The  action  of  ethyl  nitrite  upon  the  nitrile  was  puzzling  and 
unsatisfactory.  A  boiling  15  per  cent,  solution  of  the  nitrite  was 
used  in  large  excess,  with  a  few  drops  of  hydrochloric  acid.  The 
solution  was  evaporated  to  dryness  on  the  water-bath,  and  the 
residue  crystallized  from  dilute  alcohol,  but  no  pure  product  could 
be  obtained.  On  subliming  the  crude  crystals  on  the  water-bath 
in  a  gentle-  current  of  air,  beautiful,  white  needles  were  obtained, 
the  melting-point  of  which  rose  steadily  with  the  progress  of  the 
sublimation.  One  crop  melted  at  59** -59.5®  (corr.),  another  at 
67-5*'-68*  (corn),  and  a  third  at  87*^-88^  (corr.).  Saponification 
of  the  last  lot  gave  an  acid,  melting  poorly  at  about  205^,  and 
presumably  impure  3,5-bibrombenzoic  acid. 
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The  yield  in  all  these  reactions  was  so  small  that  not  enough 
material  was  secured  for  an  analysis.  Conversion  of  the  products, 
however,  to  3,5-bibrombenzoic  acid  points  clearly  to  the  presence 
of  its  nitrile.  The  action  of  nitrous  vapors  upon  the  amino  nitrile 
always  gives  the  same  product,  melting  sharply  at  96.5**-97® 
(corr.),  though  in  small  yield,  and  we  are  of  the  opinion  that  this 
is  the  pure  3,5-bibrombenzonitrile,  although  Claus  and  Weil*  re- 
port its  uncorrected  melting-point  as  89^. 

Some  of  this  product,  melting  at  96.5*'-97°  (corr.),  was  saponi- 
fied by  heating  it  in  z  sealed  tube  for  three  hours  at  170^  with  75 
per  cent,  'sulphuric  acid.  Like  its  amino  derivative,  the  bibrom 
nitrile  tends  to  sublime  out  of  the  sulphuric  acid  and  thus  escape 
complete  saponificati(>n.  A  short,  sealed  tube  should,  therefore, 
be  used,  as  suggested.  From  the  sealed  tube,  on  cooling,  large, 
glassy  crystals  separated  which  were  contaminated  with  unsaponi- 
fied  nitrile.  The  crude  bibrom  acid  was  purified  by  solution  in 
dilute  caustic  alkali  and  reprecipitation  with  hydrochloric  acid. 
Crystallized  from  alcohol,  the  bibrombenzoic  acid  was  obtained 
in  small,  glassy  needles,  softening  slightly  at  215^  and  melting  at 
218.5®  (corr.).  The  crystals  sublime  quite  easily.  If  the  first 
crude  acid  is  very  dark  in  color,  it  may,  with  advantage,  be  re- 
crystallized  from  concentrated  sulphuric  acid,  in  which  it  dissolves 
on  warming  and  separates  out  unchanged  on  cooling. 

ELIMINATION    OF   THE  AMINO   GROUP   FROM    3,S-BIBROM-2-AMINO- 

BENZOIC  ACID. 

The  bibromanthranilic  acid  was  dissolved  in  absolute  alcohol, 
the  solution  heated  to  boiling,  and  saturated  with  nitrous  gases 
(from  nitric  acid  and  arsenious  oxide),  causing  the  solution  to 
assume  a  deep  reddish  brown  color.  The  boiling  solution  was 
poured  into  twice  its  volume  of  water,  and  the  light  yellow  precipi- 
tate filtered  out  and  thoroughly  washed  with  water.  The  crude 
acid  thus  obtained  was  converted  into  its  difficultly  soluble  barium 
salt,  which  was  purified'by  repeated  crystallizations  from  water  and 
then  decomposed  with  hydrochloric  acid.  The  purified  bibrom- 
benzoic acid  was  crystallized  from  benzene,  and  separated  in 
radiating  masses  of  long,  white  needles  (m.  p.  2i9.5**-220.5** 
(corr.) ),  similar  in  all  its  properties  to  the  acid  obtained  by  saponi- 
fication of  the  bibrombenzonitrile,  and  evidently  the  3,5-bibrom- 
benzoic acid.    The  complete  purification  of  this  acid  is  very  tedi- 

1  Ann.  Ck£m.  (Liebig),  a69i  »3. 
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ous,  small  amounts  of  impurities  lowering  the  melting-point  con- 
sideraUy. 

Barium  Salt  of  3,5-Bibrombengoic  Acid. — ^This  was  prepared 
by  the  action  of  baryta  water  upon  the  purified  acid.  It  can  be 
purified  by  crystallization  from  water,  in  which  it  is  less  soluble 
than  the  barium  salt  of  the  bibrom  amino  acid.  It  separates  in 
needles  of  a  faint  yellow  color.  The  air-dried  salt  was  analyzed 
with  the  following  results : 

Calculited  for 
Pound.  (CrH|BrsOt)tBa.3  %  HtO. 

Water 8.58  8.31 

Bariupi 18.03  18.07 

Angerstein*  gives  the  melting-point  of  3,5-bibrombenzoic  acid 
as  223^'-227** ;  Hubner,*  as  2i3**-2i4*' ;  Claus  and  Weil,'  as  209** 
(uncorr.).  Hiibner  and  Claus  and  Weil  assign  to  the  Ba  salt  4 
molecules  HjO;  Angerstein  dried  the  s^lt  over  H2SO4  and  then 
found  2H,0. 

SYNTHESIS    OF    QUINAZOUNES    FROM    3,5-BIBR0M-2-AMIN0BENZ0- 

NITRILE. 

6JS'Bibroin^4'Ketodihydroquinazoline, 


(8)   Br        (0 


(7) 
(6)  Br- 


■^  C— H  (2) 


N-H  (3)- 


(5) 


O 

(4) 
Three  grams  bibromanthranilic  nitrile  were  heated  in  a  sealed 
tube  with '3  cc.  glacial  formic  acid  for  five  hours  at  225** -235**. 
This  temperature  was  much  higher  than  necessary,  as  the  tube  was 
under  heavy  pressure  when  opened  and  the  contents  were  black. 
By  solution  in  dilute  caustic  soda  and  saturation  of  the  alkaline 
liquid  with  carbon  dioxide,  a  yellow  precipitate  separated  in  smaP 
amount. 

*  Ann,  OUm,  (UeMir),  158,  xo. 

*  IH4L,  an,  171. 
» Ibid.,  9t9,  M4. 
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A  second  tube,  containing  3  grams  of  the  nitrile  and  3.5  cc. 
glacial  formic  acid,  was  heated  for  sixty-nine  consecutive  hours 
at  200'' -209'',  and  the  contents  worked  up  in  the  same  manner. 
A  beautiful,  white  crystalline  substance  was  obtained  which,  after 
recrystallization  from  aniline,  formed  small,  clear  needles.  The 
yield  of  pure  substance  was  about  50  per  cent,  of  the  theoretical. 
It  does  not  melt,  but  decomposes  above  300°.  On  analysis,  the 
substance  gave  9  per  cent,  nitrogen,  while  the  above  formula  re- 
quires 9.21  per  cent,  nitrogen. 

Ethyl  Ether  of  68'Bibrom-4'Ketodihydroquina3oline. — One- 
half  gram  of  the  quinazoline  was  heated  for  two  and  a  half  hours 
in  a  sealed  tube  with  slight  excess  of  alcoholic  sodium  hydroxide 
and  excess  of  ethyl  iodide,  at  ioo**-i04*'.  The  beautiful,  crystal- 
line product  was  washed  with  water  and  with  alcohol,  and  then 
formed  a  snow-white  mass  of  small,  clear  needles,  melting  sharply 
at  229*^-230**  (corn).  On  analysis,  8.70  per  cent,  nitrogen  was 
found ;  required  for  CjoHgONjBrj,  8.43  per  cent. 

6,8-Bibrom-2-Methyl'4-Ketodihydroquinasoline, — Two  grams 
of  the  nitrile  and  2  cc.  of  acetic  anhydride  were  heated  together 
for  about  six  hours  in  a  sealed  tube  at  220^-230**.  By  solution  of 
the  tube's  contents  in  dilute  caustic  soda,  fitering  and  saturating 
the  filtrate  with  carbon  dioxide,  a  snow-white  product  was  ob- 
tained, which  was  recrystallized  from  aniline.  By  very  careful 
heating,  in  a  current  of  carbon  dioxide,  it  may  be  partly  sublimed 
in  beautiful  needles.  It  does  not  melt,  but  decomposes  slowly 
when  heated  above  300**.  It  shows  about  the  same  solubilities  as 
the  methyl  thioquinazoline  (see  beyond),  except  that  it  is  rather 
more  soluble  in  glacial  acetic  acid. 

Calculated  for 
Pound.  CfHcONsBrs. 

Nitrogen 9. 14  8.81 

Bromine 50.03  50.31 

We  have  run  a  number  of  sealed  tubes  for  the  preparation  of 
this  quinazoline,  varying  the  temperature  and  the  duration  of  the 
heating,  but  in  every  case  so  far  the' yield  has  been  very  poor. 

Ethyl  Ether  of  6,8'Bibrom'2-Methyl'4'Ketodihydroquinasoline. 
— One-half  g^m  of  the  quinazoline  was  heated  for  two  and  a  half 
hours  at  ioo**-io5**  in  a  sealed  tube  with  slight  excess  of  alcoholic 
sodium  hydroxide  and  excess  of  ethyl  iodide.  No  crystals  sepa- 
rated on  cooling.    The  alcoholic  solution  was  evaporated  to  a  small 
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volume ;  the  brown  needles  which  crystallized  out  were  recrystal- 
lizcd  from  alcohol,  but  still  retained  a  slight  brownish  color.  They 
b^^  to  decompose  very  slowly  at  about  170°,  but  did  not  melt 
at  290**. 

6jS'Bibrom-2-Ethyl'4'Ketodihydroquinazoline. — ^Three  grams 
nitrile  and  3  cc.  propionic  anhydride  were  heated  together  in  a 
sealed  tube  for  ten  and  a  half  hours  at  200**,  followed  by  five  hours 
longer  at  210**.  On  treating  the  tube's  contents  with  sodium  hy- 
droxide and  carbon  dioxide,  as  already  described,  the  ethyl 
quinazoline  was  obtained  as  a  white  precipitate.  Crystallized  from 
moderately  dilute  alcohol,  it  separates  in  long,  white,  silky  needles 
(m,  p.  278**-28o®  (corr.)  ).    The  yield  was  poor. 

0.2148  gram  substance  gave  8.10  per  cent,  nitrogen;  required, 
843  per  cent. 

6,8'Bibrom'2'Normalpropyl'4'Ketodihydroqu%nazolin€. —  Three 
grams  nitrile  and' 3  cc.  normal  butyric  anhydride  were  heated  to- 
gether in  a  sealed  tube  for  ten  and  a  half  hours  at  200"*,  followed 
by  five  hours  and  a  half  at  210®.  Treatment  of  the  tube's  contents 
in  the  usual  manner  resulted  in  the  separation  of  the  N-propyl- 
quinazoline  as  a  white,  voluminous  precipitate.  It  crystallizes  from 
dilute  alcohol  in  colorless,  microscopic  needles  (m.  p.  238**-240** 
(corr.)  ).    The  yield  is  only  fair. 

0.2351  gram  substance  gave  8.07  per  cent,  nitrogen;  required, 
8.09  per  cent. 

6JS-B%brom'2'Isopropyl-4'Ketodihydroquinazoline,  —  Three 
grams  of  the  nitrile  and  3  cc.  of  isobutyric^anhydride  were  heated 
together  in  a  sealed  tube  for  ten  and  a  half  hours  at  200^,  followed 
by  five  and  a  half  hours  at  210^,  and  then  two  hours  longer  at 
220®.  The  tube's  contents  were  worked  up  as  the  others  were.  The 
isopropyl  quinazoline  thus  produced  appears  to  the  unaided  eye 
as  a  white,- amorphous  powder,  but  is  really  a  felted  mass  of  white, 
microscopic,  hairy  crystals,  which  melt  at  259** -260**  (corn).  The 
yield  was  only  fair. 

0.2228  gram  substance  gave  7.92  per  cent,  nitrc^en ;  required, 
8.09  per  cent. 

6JS-Bibroin'2'Isobutyl-4'Ketodihydroquinasoline. — Three  grams 
of  the  nitrile  and  3  cc.  of  isovaleric  anhydride  were  heated  together 
in  a  sealed  tube  for  ten  and  a  half  hours  at  200'',  five  and  a  half 
hours  at  210**,  and  twohoursat2i5**-220**.  The  tube's  contents  were 
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worked  up  in  the  usual  manner,  and  the  isobutyl  quinazohne  sepa- 
rated as  a  precipitate.  The  recrystallized  substance  forms  color- 
less, microscopic  needles  (m.p.  230** -231.5**  (corr.)).  0.1999  gram 
substance  gave  7.82  per  cent,  nitrogen ;  required,  J.jj  per  cent. 

Most  of  these  brominated  quinazolines  decompose  wholly  or 
partly  on  melting.  It  is  interesting  to  note  that  with  increase  in 
molecular  weight  the  melting-point  steadily  sinks,  iso  compounds 
showing  a  higher  melting-point  than  those  with  normal  side- 
chains.  \\'e  have  already  called  attention  to  the  same  condition 
of  affairs  in  the  case  of  the  unbrominated  alkyl  quinazolines  and 
the  acylated  anthranilic  nitriles. 

These  brominated  quinazolines  dissolve  very  readily  in  caustic 
alkali,  but  do  not  appear  to  form  salts  with  the  mineral  acids. 

6 ,8'Bibrom'2-Methyl'4'  ThiokeiodihydroquinaMoline,--'^ViO  grams 
of  the  bibromanthranilic  nitrile  and  the  calculated  amount 
of  thiacetic  acid  were  heated  t(^ether  in  a  sealed  tube  for  about 
six  hours  at  22O**-230*'.  On  opening  the  tube,  slight  pressure,  due 
to  hydrogen  sulphide,  was  observed.  The  contents  of  the  tube 
were  boiled  with  dilute  alkali,  the  solution  cooled,  filtered,  and 
carbon  dioxide  passed  through  the  filtrate,  whereby  a  yellow, 
amorphous  precipitate  separated.  Crystallized  from  aniline,  this 
precipitate  changed  to  beautiful,  yellow  needles.  The  substance 
does  not  melt  at  290°,  but  decomposes  slowly  when  heated.  By 
very  careful  heating  in  a  gentle  current  of  carbon  dioxide,  it  may 
be  partially  sublimed.  It  is  nearly  insoluble  in  alcohol,  benzene 
or  50  per  cent,  acetic  acid,  slightly  soluble  in  glacial  ^etic  acid, 
and  soluble  in  boiling  aniline.  It  is  only  moderately  soluble  in 
caustic  alkalies;  when  enough  alkali  is  used  to  dissolve  the 
quinazoline  completely  and  a  few  drops  of  acetic  acid  are  then 
added,  the  quinazoline  is  partly  reprecipitated,  although  the  solu- 
tion remains  strongly  alkaline  to  litmus. 

The  temperature  used  in  the  first  experiment  (220** -230**)  was 
unnecessarily  high,  as  partial  decomposition  had  occurred,  and  the 
yield  of  thioquinazoline  was  poor.  Another  tube,  heated  sixty- 
nine  hours  at  200 ''-209°,  likewise  showed  too  much  decomposition. 
A  third  tube,  heated  forty-two  hours  at  180**,  was  much  more 
satisfactory  in  appearance ;  but  little  decomposition  had  occurred, 
and  a  yield  of  2.1  grams  of  the  pure  thioquinazoline  was  obtained 
from  3  grams  of  the  bibromnitrile. 
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Analysis  of  6,8-8 ibrom'2'Methyl'4'Thioketodihydroquin(2£oline, 
— The  determination  of  carbon  and  hydrogen  in  this  bibrom- 
ihioqiiinazoline  proved  exceedingly  troublesome,  on  account  of 
the  high  percentage  of  bromine  (nearly  48  per  cent.)  and  the 
presence  of  sulphur. 

The  de  Roode  mixture  of  red  lead  and  lead  chromate  was  used 
as  the  oxidizing  agent,  and  it  was  found  to  be  much  more  efficient 
with  freshly  prepared  lead  chromate  than  with  the  commercial 
fused  article.  Freshly  precipitated  and  thoroughly  washed  lead 
chromate  was  mixed  with  red  lead  and  made  into  little  balls. 
These  were  dried,  ignited  in  an  open  dish,  and  then  thoroughly 
burned  out  in  a  stream  of  dry  oxygen.  As  thus  prepared,  they 
did  not  melt  or  disintegrate. 

A  long  combustion  tube  was  used,  in  which  were  placed  an 
oxidized  copper  gauze,  then  a  long  porcelain  boat  containing  the 
thioquinazoline  mixed  with  ignited  red  lead  and  covered  with  the 
same,  then  a  short,  silver  spiral,  followed  by  the  oxidizing  mix- 
ture, a  long,  silver  spiral,  and  a  bright  copper  gauze.  The  com- 
bustion was  conducted  very  slowly  at  a  moderate  temperature. 
Unless  the  temperature  of  the  exit  end  of  the  tube  was  kept  well 
down,  bromine  could  be  detected  in  the  gases  passing  into  the 
absorption  train. 

Calculated  for 
Found.  CoHoN«SBrs. 

Carbon 32.94-3276  32.33 

Hydrogen 2.01-2.03  1.80 

Nitrogen 8. 70-8.52  8.38 

Sulphur 9.64  9.58 

Bromine 47.79  47 .91 

Ethyl  Ether  of  6,8'Bibrom-2'Mctliyl'4-Tliioketodihydroqum' 
Qzoline, — This  was  prepared  by  the  method  already  described  for 
the  corresponding  oxygen  compound.  The  product  crystallized 
out  of  the  sealed  tube  on  cooling.  Washed  with  water  and  with 
alcohol,  it  appeared  in  beautiful,  light  yellow  needles,  which  began 
to  decompose  at  about  305**,  but  did  not  melt  completely  at  360**. 

OKOAmc  Laboratory,  Havemeyer  Hall, 

Columbia  University, 

July,  1903. 
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L   THE  CHEMICAL  AND  PHYSICAL  COXTEXTS  OF  RICE  OIL. 

But  very  little  attention  has  been  paid  thus  far  to  the  chemistry 
of  rice  oil,  notwithstanding  the  very  extensive  use  of  rice  as  a  food 
product.  The  only  data,  which  the  writer  has  been  able  to  find,  is  a 
report  by  Smetham^  upon  an  oil  obtained  from  Rangoon  rice-meal 
by  hydraulic  pressure,  the  meal  containing  about  15  per  cent.  oil. 
The  oil,  as  thus  expressed,  had  a  dirty  green  color,  and  was  partly 
solid  at  the  ordinary  temperature.  It  appeared  to  be  especially  re- 
markable for  the  large  proportion  of  free  fatty  acids  present,  the 
percentage  of  which  ranged  from  31.6  to  77.2.  A  saponification 
value  of  193.2  and  an  iodine  absorption  of  96.4  were  also  reported. 

In  connection  with  some  investigations  recently  carried  out  at 
the  Louisiana  Experiment  Station  in  New  Orleans,  upon  rice  and 
the  various  by-products  of  the  rice-milling  industry,  some  attention 
was  paid  to  rice  oil.  A  number  of  oil  samples  were  examined, 
including  the  oil  extracted  from  the  rice  itself,  as  well  as  that  ob- 
tained from  the  bran  or  meal.  The  latter  comprises  the  gluten 
layer  and  germ  of  the  rice  grain  and,  when  unadulterated  with 
hulls,  contains  nearly  15  per  cent,  oil.^ 

The  chemical  and  physical  constants  of  an  oil  obtained  from 
a  sample  of  rice  bran  are  given  in  the  following  table : 

Table  I.— Constants  of  Rice  Oil. 

qqO 

Specific  gravity  ^ 0.8907 

99 

Melting-point  ( point  of  liquefaction ) 24^ 

Acid  number 166.2 

Saponification  number 193-5 

Ether  number 27.3 

Iodine  number 91  '^S 

Reichert-Meissl  number 1. 1 

Mean  molecular  weight  of  insoluble  fatty  acids 289.3 

Melting-point  of  insoluble  fatty  acids  • 36^ 

The  above  oil  was  semisolid  in  consistency  during  the  winter ; 

ly.  Soc.  Chem.  Ind.  (1893).  p.  848. 

*  Calculating  the  rice-meal  to  a  water-free  and  starch-free  basis,  there  would  be  about 
ao  per  cent,  oil  in  the  pure  gluten  and  germ. 
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it  began  to  melt  at  about  24°,  but  did  not  become  perfectly  trans- 
parent until  47**.  During  the  warm  summer,  the  oil  liquified 
partly  and  consisted  then  of  a  brownish-colored  oil  with  a  deposit 
of  crystallized  fats.  The  high  acid  number  is  noteworthy,  corre- 
sponding to  83.5  per  cent,  of  free  oleic  acid.  In  this  respect  the  oil 
shares  the  peculiarity  of  those  analyzed  by  Smetham.  The  fact 
that  rice  oil  contains  fats  of  high  melting-point  and  fatty  acids  of 
high  mean  molecular  weight  would  indicate  the  probable  presence 
of  such  higher  homologues  as  arachidic,  behenic  or  lignoceric 
adds.  This  supposition  was  strengthened  by  the  granular  deposit 
of  insoluble  soaps  which  settled  out  after  saponifying  the  oil  with 
alcoholic  potash.  Further  researches  as  to  the  constitution  of  rice 
oil  are  greatly  to  be  desired. 

II.     THE  CAUSES  PRODUCING  ACIDITY  IN  RICE  OIL. 

In  studying  the  feeding  value  of  different  rice  products,  our  at- 
tention was  called  to  the  fact  that  animals  frequently  showed  a 
marked  distaste  to  rice  bran  or  meal  as  a  food.  An  inquiry  into 
the  cause  of  this  showed  that  in  such  cases  the  feed  was  very  ran- 
cid and  that  this  rancidity  was  due  to  the  very  acid  condition  of 
the  rice  oil.  Experiments  made  upon  fresh  rice  bran  showed  that 
the  oil  from  the  same  was  only  slightly  acid,  but  that  upon  stand- 
ing any  great  length  of  time  a  rapid  development  of  acidity  took 
place  in  the  oil,  the  feed  at  the  same  time  becoming  rancid.  In 
large  bulks  the  development  of  rancidity  in  rice-meal  seems  to  be 
acoHnpanied  by  a  heating  and  caking  of  the  material. 

Instances  of  such  excessive  acidity  as  those  noted  for  rice  oil, 
have  been  observed  in  the  case  of  a  few  other  vegetable  oils. 
Palm  oil  is  especially  characterized  by  a  high  content  of  free  acid. 
Lcwkowitsch*  states  that  "even  in  the  fresh  state  the  proportion 
of  fatty  acids  in  palm  oil,  calculated  as  palmitic  acid,  amounts  to 
12  per  cent.,  and  may  in  older  samples  reach  as  much  as  100  per 
cent. — ^in  other  words,  the  splitting-up  of  the  glycerides  may  be- 
come complete."  Olivfe  kernel  oil'  and  olive  oil'  expressed  from 
the  marc  also  contain  large  quantities  of  free  fatty  acids. 

It  has  long  been  a  recc^nized  fact  that  atmospheric  oxygen, 
especially  in  the  presence  of  light,  is  a  very  important  factor  in 
the  decomposition  of  oils  and  fats.    This  influence  would  no  iloubt 

s  LewkowiUch  :  **  Analysis  of  Oils,  Fats,  and  Wsxes,**  and  edition,  p.  si7- 
s  Bencdikt :  "  Analyse  der  Fette  und  Wachsarten,'*  3  Auf.,  p.  458. 
*  Ibid.^  p.  447 :  see  also  I^ewkowitsch  :  Loe.  at.,  p.  451- 
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be  greater  with  oil  in  a  finely  divided  condition,  as  would  be  the 
case  in  rice  meal.  There  is,  however,  another  explanation  possible 
for  the  decomposition  of  rice  oil  besides  that  of  oxidation.  The 
work  of  different  investigators  shows  that  in  many  cases  a  decom- 
position of  vegetable  oil  is  produced  by  means  of  a  fat-splitting 
enzyme — lipase.  Reynolds  Green*  has  reported  the  presence  of 
lipase  in  the  germinating  seeds  of  the  castor  oil  plant  and  Sig- 
mund*  has  demonstrated  its  existence  in  both  the  resting  and  ger- 
minating seeds  of  rape,  poppy,  hemp,  flax  and  maize.  The  crushed 
seeds  of  these  plants  produced  in  all  cases  a  development  of  acid- 
ity in  neutral  emulsions  of  oil.  That  the  hydrolysis  of  the  oil  was 
due  to  an  enzyme,  was  shown  by  the  fact  that  control  experiments, 
in  which  the  enzymes  had  been  killed  by  boiling,  developed  no 
acidity.  The  high  degree  of  acidity  in  palm  oil  and  olive-marc  oil 
has  also  been  attributed  to  enzyme  action.* 

LIPASE  IN  RICE  BRAN. 

An  aqueous  extract  of  rice  bran  was  prepared  by  allowing  20 
grams  of  the  material  to  soak  in  100  cc.  of  cold  water  for  several 
hours.  25  cc.  of  the  clear  filtered  extract,  when  mixed  with  5  cc- 
of  commercial  hydrogen  peroxide,  produced  a  rapid  evolution  of 
oxygen,  the  quantity  of  this  exceeding  100  cc.  within  a  few 
minutes.  The  bran  extract  also  produced  with  tincture  of  guaiac 
a  strong  blue  coloration,  after  adding  a  few  drops  of  hydrogen 
peroxide.  Both  of  the  above  reactions  failed  with  bran  extract 
which  had  been  boiled.  Many  plant  juices  and  extracts  cause  a 
catalytic  decomposition  of  hydrogen  peroxide,  and  give  the  blue 
reaction  with  guaiac  and  the  peroxide ;  these  properties  have  been 
thought  by  some  investigators  to  belong  to  nearly  all  enzymes, 
though  Loew*  considers  them  characteristic  of  two  special  fer- 
ments, catalase  and  peroxidase.  Without  entering  into  a  discus- 
sion of  this  question,  we  may  say  that  the  above  reactions,  while 
showing  that  enzymes  are  present  in  rice,  do  not  throw  much  light 
upon  their  specific  nature  or  functions. 

To  determine  whether  or  not  a  lipatic  ferment  is  present  in 
rice  bran,  use  was  made  of  the  well-known  emulsion  test.    Twenty 

>  Reynolds  Gre«n  :  "  Soluble  Ferments  and  Fermentation,*'  p.  aay. 

*  Sifirmund  :  "  Ueber  fettspaltende  Permente  im  Pflanzenreiche,"  Monatsh.  Chem. 
(Vienna),  ii,  aya  (1890). 

*  Lewkowltsch  :  "  Notes  on  Fat-Splitting  Enzymes/ V-  Soc.  Cfum.  Ind.  (1903),  p.  69. 

<  Ix>ew:  "Catalase,  a  New  Enzyme  of  General  Occurrence."  Report  No.  68.  U.  S.  Dept. 
ofAgrr.;  see  also  Report  No.  65  by  same  author,  **  Physiological  Studies  of  Conn.  I«eaf 
Tobacco,"  pp.  30-34- 
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cc.  of  the  clear  bran  extract  were  thoroughly  shaken  up  with  an 
equal  volume  of  a  thick  emulsion  of  castor  oil,  and  the  mixture 
rendered  faintly  alkaline  to  litmus  solution.  After  standing  at 
the  laboratory  temperature  for  twenty-four  hours,  the  solution 
began  to  turn  pink,  and  in  two  days  had  become  a  deep  red.  A 
similar  experiment,  conducted  with  extract  which  had  been  previ- 
ously boiled,  remained  alkaline;  likewise,  blanks  of  the  unboiled 
extract  to  which  no  emulsion  had  been  added,  so  that  the  develop- 
ment of  acid  could  only  come  from  the  action  upon  the  oil  of  a 
fat-splitting  enz3rme.  To  prevent  the  formation  of  acid  products 
by  bacteria,  0.25  per  cent,  of  potassium  cyanide  was  used  in  each 
experiment  as  a  germicide.  The  cyanide  may  have  exerted  an 
inhibitive  effect  upon  the  activity  of  the  enzymt,  yet  the  necessity 
of  using  an  antiseptic  agent  in  such  tests  is  imperative,  as  was 
shown  by  the  fact  that,  when  no  cyanide  was  employed,  neutral 
solutions  of  bran  extract  became  acid  to  litmus  in  a  few  hours. 
After  standing  a  week,  the  acid  emulsicm  in  the  ^bove  experiment 
was  shaken  out  with  ether,  and  the  ethereal  solution  filtered  and 
evaporated  to  dryness.  The  oil  thus  obtained  had  an  acid  number 
of  29.7,  which  would  indicate  that  about  16  per  cent,  of  the  oil 
had  undergone  hydrolysis. 

To  determine  the  hydrolyzing  effect  of  lipase  upon  rice  oil 
under  natural  conditions,  the  following  experiment  was  conducted. 
A  sample  of  fresh  rice  bran  was  taken  to  the  laboratory  imme- 
diately after  milling  and  divided  into  two  portions.  One  portion 
was  subjected  to  a  dry  heat  of  90®  C  to  destroy  any  enzymes ;  the 
other  portion  remained  untreated.  Both  samples  were  tied  up  in 
sacks  and  set  aside  for  one  month.  The  acidity  of  the  oil  from 
the  fresh  bran  (containing  14.3  per  cent,  oil)  was  determined, 
and  also  that  of  the  oil  obtained  from  the  raw  rice  used  in  manu- 
facturing the  bran.  The  same  determinations  were  also  made  on 
the  oils  extracted  from  the  two  samples  of  bran  after  standing  one 
month.    The  results  of  the  work  are  given  in  the  following  table : 

Table  II. 

Free  acid 

Acid  as  oleic. 

Soaroeofoit  number.  Percent. 

Raw  rice..  ^ 13.8  6.9 

Fresh  bran  (six  hours  after  milling) 24^7  12.5 

Bran,  one  month  old,  unhealed 123.8  62.2 

*•        "        <*        "    heated 470  24.0 

The  above  results  show  that  an  exceedingly  rapid  decomposi- 


952  C.  A.  BROWNE,  JR. 

tion  of  the  oil  in  the  unheated  bran  had  taken  place.  In  the  oil 
of  the  bran,  which  had  been  heated,  there  was  also  some  develop- 
ment of  free  acid,  but  the  quantity  formed  was  less  than  one-fourth 
that  developed  in  the  oil  of  the  unheated  sample.  The  experiment 
would  indicate  that  while  the  development  of  acidity  in  rice  oil 
may  be,  to  a  slight  extent,  the  result  of  oxidation,  it  is  to  a  much 
greater  degree  the  effect  of  a  fat-splitting  enzyme.^ 

The  sample  of  raw  rice,  from  which  the  bran  used  in  ttie  experi- 
ment was  made,  was  taken  from  a  large  quantity  that  had  been 
lying  in  storage  in  a  New  Orleans  warehouse  many  months.  The 
oil  from  the  bran  six  hours  after  milling,  compared  with  the  oil 
from  the  original  rice,  shows  an  increase  in  free  acid  of  5.6  pef 
cent.  This  shows  that  a  rapid  decomposition  of  the  rice  oil  sets 
in  immediately  after  milling,  the  activity  of  the  enzyme*  seeming 
thus  to  depend  upon  an  exposure  of  the  oil-bearing  tissues  of  the 
rice  grain  to  the  air.  The  amount  of  free  acid  in  the  oil  within  the 
rice  grain  is  probably  less  than  that  indicated  in  Table  II,  as  some 
decomposition  no  doubt  took  place  during  the  grinding  of  the 
grain,  before  the  extraction  with  ether. 

The  foregoing  experiments  have  a  certain  practical  interest, 
since  a  destruction  of  the  lipase  at  once  suggests  itself  as  a  means 
for  the  prevention  of  rancidity  in  rice-meal  and  similar  products. 
By  subjecting  the  material,  directly  after  milling,  to  a  dry  heat 
sufficient  to  destroy  the  enzyme,  such  as  is  done  in  the  kiln-drying 
of  certain  feeds,  the  development  of  rancidity  would  be  largely 
checked. 

III.     THE  DIGESTIBILITY  OF  RICE  OIL. 

In  connection  with  some  feeding  experiments,  recently  con- 
ducted at  this  Experiment  Station,  with  rice  bran  and  rice  polish, 
the  following  coefficients  of  digestibility  for  rice  oil  were  obtained. 
Two  sheers  were  used  in  the  work. 

Rice  brmn.  Rice  polish. 

Per  cent,  oil  diflfested.         Per  cent,  oil  digested. 

Steer  No.  i 52.0  66.0 

**      •*     2 57.5  81.2 

Average 54.8  73.6 

There  are  several  facts  which  may  explain  the  greater  digesti- 

1  For  farther  particulars  as  to  the  action  of  lipase,  see  the  work  of  Kastle  and  Loeven- 
hart    {Amer.  Chem.J.^  34,  491  (1900)). 

-  The  enzyme  is  probably  the  product  of  an  antecedent  substance  or  zymogen^  this 
transformation  not  taking  place  except  when  the  seed  is  crushed  or  while  it  is  germina- 
ting.   (See  Reynolds  Green,  *-  Soluble  PermenUand  Fermentation."  p.  jSi.) 
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bility  of  the  rice  oil  in  the  polish.  In  the  experiment  with  rice 
polish,  the  steers  received  only  about  one-third  the  quantity  of  oi! 
given  in  the  bran  experiment  and  may  thus  have  been  able  to 
digest  a  greater  percentage  of  oil  from  the  ration.  The  bran  was 
very  coarse,  containing  about  30  per  cent,  of  rice  hulls ;  the  polish 
was  free  from  hulls,  and  contained  more  of  the  starchy  part  of 
the  rice  than  the  bran.  The  oil  from  the  bran  contained  83.5  per 
cent,  free  fatty  acids,  the  oil  from  the  polish  4'f.$  per  cent.  The 
conditions  may,  therefore,  have  been  more  favorable  in  the  polish 
towards  securing  a  more  complete  digestion  of  the  oil.  Individu- 
ality of  the  animal  is  seen  to  play  an  important  part.  Steer  No.  2 
digested  a  greater  percentage  of  oil  in  both  experiments,  the  differ- 
ence in  the  case  of  the  polish  being  especially  marked. 

In  the  bran  experiment,  the  oil  from  the  feed  and  the  undigested 
oil  from  the  feces  were  analyzed.  A  comparison  of  the  two  sets 
of  constants  shows  very  noticeable  differences,  and  throws  some 
light  upon  the  changes  which  the  rice  oil  undergoes  during  diges- 
tion. 

Tablb  ni.— Showino  Effbct  of  Digbstion  Upon  CoMPosmoN  op  Ricb 

Oil. 

Oil  from  feces 
of  steer* 
Oil  from  fed  on 

ConsUnt.  rice  bran.  rice  bran. 

Melting-point  ( point  of  liquefaction ) . . .  24°  58** 

Acidnnmber •  166.2  144.2 

Saponification  number 193.5  1 7^-o 

Ether  number 27.3  31.8 

Iodine  number 91.65  27.08 

Mean  molecular  weight  insoluble  fatty 

acids 289.3  320.2 

Melting-point  insoluble  fatty  acids 36^  60** 

The  oil  obtained  from  the  feces  was  light-colored  and  of  wax- 
like consistency.  The  soaps  obtained  on  saponifying  this  oil  with  al- 
coholic potash  were  marked  by  a  low  degree  of  solubility  in  alcohol. 
The  oil  extracted  from  the  feces  was  no  doubt  contaminated  to  some 
extent  with  metabolic  products  from  the  animal,  such  as  biliary  sub- 
stances and  fatty  bodies  from  the  intestines.  Some  unsaponifiable 
matter  was  present,  but  this  was  removed  before  determining  the 
constants  of  the  fatty  acids.  Beef-fat  from  the  intestines,  accord- 
ing- to  Mayer,*  has  the  following  constants : 

>  WMgner**Jak9Ttderickt£{xS9o).  S44. 


954  ^'  M.  TOLMAN  AND  L.  S.  MUNSON. 

Melting-point 50** 

Saponification  number 196.2 

Melting-point  insoluble  fatty  acids 47*5^ 

Mean  molecular  weight  insoluble  fatty  acids 278.2 

The  presence  of  fat,  sluffed  off  from  the  walls  of  the  intestinal 
tract,  could  not,  therefore,  explain  the  differences  noted  in  Table 
III.  The  most  satisfactory  and  plausible  explanation  of  the  facts 
is  a  difference  in  digestibility  of  the  various  constituents  of  the 
rice  oil.  The  liquid  unsaturated  bodies  are  very  largely  absorbed 
in  the  process  of  digestion,  as  is  shown  by  the  marked  decrease  in 
the  iodine  number.  The  fatty  acids  of  lowest  molecular  weight 
are  also  the  easiest  to  assimilate;  hence,  the  oil  excreted  in  the 
feces  consists  largely  of  a  residue  of  acids  of  high  mean  molecular 
weight  and  high  melting-point.  Reference  was  made,  in  the  first 
section  of  this  paper,  to  the  probable  presence  in  rice  oil  of  such 
higher  acids  as  arachidic,  behenic,  or  lig^oceric,  and  this  supposi- 
tion finds  support  in  the  character  of  the  fatty  acids  in  the  oil  from 
the  feces,  these  having  a  mean  molecular  weight  higher  even  than 
the  molecular  weight  of  arachidic  acid  (312). 

Stearic  acid,  the  highest  saturated  fatty  acid  in  the  animal  body, 
has  a  molecular  weight  of  284,  and  saturated  fatty  acids  of  greater 
molecular  weight  than  stearic  are  probably  assimilated  by  the 
animal  only  to  a  limited  extent. 

In  conclusion,  the  writer  desires  to  express  his  indebtedness  to 
Dr.  W.  C.  Stubbs,  under  whose  direction  the  work  was  carried  on, 
for  advice  and  encouragement. 


[Contribution  from  Bureau  of  Chemistry,  U.  S.  Department  op 
Agriculture,  No.  50.     Sent  by  H.  \V.  Wiley.] 
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SOURCES  OF  THE  OILS. 

In  an  investigation  of  olive  oils  and  their  substitutes,  a  number 
of  pure  California  and  Italian  olive  oils  were  obtained  and  anal- 
yses of  them  made.  The  California  oils  were  largely  obtained 
from  representative  producers,  with  affidavits  as  to  their  purity. 
The  Italian  oils  were  received  through  agents  in  Italy.  Tht  col- 
lection of  oils  thus  made  contained  samples  from  most  of  the  oil- 
producing  districts  of  both  countries. 
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The  varieties  of  olives  used  are  given,  to  a  certain  extent,  with 
California  oils,  but  with  the  Italian  oils  it  was  impossible  to  obtain 
this  information.  The  methods  of  analysis  used  were  those  given 
in  the  XJ.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  Bulletin 
65,  pp.  20-35. 

FATTY  ACIDS. 

By  liquid  fatty  acids  are  meant  the  acids,  the  lead  soaps  of  which 
are  insoluble  in  ether,  and  by  the  solid  fatty  acids,  those  the  lead 
soaps  of  which  are  insoluble  in  ether.  This  method  of  separation, 
while  not  absolutely  exact,  gives  a  very  close  approximation  of 
the  amounts  of  saturated  or  solid  fatty  acids  and  unsaturated*  or 
liquid  fatty  acids.  The  iodine  number  of  the  liquid  fatty  acids 
was  determined  exactly  as  with  the  Hiibl  method  on  oils.  Great 
care  is  necessary  in  drying  the  liquid  fatty  acids  to  prevent  oxida- 
tion and  in  this  work  they  were  dried  at  about  70**  C,  in  a  current 
of  coal  gas. 

TABLES  OF  ANALYSES. 

In  Table  I  are  the  analyses  of  thirty-eight  samples  of  California 
c^ve  oil  and  eighteen  samples  of  Italian  olive  oil.     These  are 
mostly  virgin  or  first-pressing  oils,  but  a  few  oils  have  been  in- 
cluded which  cannot  be  classed  as  edible  oils.    These  are  not  in- 
cluded in  the  average  or  maximum  and  minimum,  but  are  given 
in  order  10  show  what  widely  varying  results  may  be  obtained 
with  pure  oils,  and  that  the  cause  of  these  abnormal  results  would 
not  be  detected  unless  the  determination  of  free  acids  was  made. 
The  amount  of  free  acids  present  in  an  oil  affects  the  specific 
g^vity  and  index  of  refraction  to  a  marked  degree.    Sample  No. 
22,619,  with  an  index  of  refraction  of  1.4672  and  44.40  per  cent. 
of  free  acid,  and  No  673  with  specific  gravity  of  0.9149  and  12.11 
per  cent,  of  free  acids  are  examples  of  this  fact.    It  seems  very 
pfobable  that  some  of  the  very  low  figures  on  these  determinations, 
reported  by  various  analysts,  would  be  explained  if  the  free  acid 
had  been  determined. 

DISCUSSION  OF  ANALYTICAL  DATA. 

An  examination  of  Table  I  will  show  that  on  the  high-grade 
oils  there  is  only  a  very  small  variation  in  specific  gravity  and 
index  of  refraction  for  both  the  California  and  Italian  oils. 
The  wide  range  in  Maumene  figures  means  nothing,  as  different 
strengths  of  acid  were  used,  but  the  specific  temperature  figures 
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do  not  show  such  a  wide  variation.  The  average  for  California 
oils  is  a  little  higher,  due  probably  to  the  higher  iodine  value  of 
the  oils  examined.  The  reason  for  including  the  figures  given  by 
the  Maumene  test  is  that  the  specific  temperature  figures  are 
affected  to  a  certain  degree  by  the  strength  of  the  acid,  as  was 
shown  by  the  work  of  Sherman,  Danziger  and  Kohnstamm.*  This 
will  account  for  the  somewhat  lower  specific  temperature  numbers 
obtained  by  De  Negri  and  Fabris,'  and  Milliau,  Bertainchand  and 
Malet'  on  French  and  Algerian  oils,  as  they  used  an  acid  which 
gives  a  rise  of  temperature  with  water  of  about  36**  to  37°  C,  while 
the  acid  used  in  this  work  gives  a  rise  of  from  45*"  to  46*"  C. 

The  variation  found  in  the  Hiibl  numbers  of  the  oils  is  very 
wide  and  the  same  is  true  with  the  iodine  figures  on  the  liquid 
fatty  acids.  The  variation  in  the  Hiibl  figures  is,  to  a  considerable 
extent,  controlled  by  the  amount  of  solid  fatty  acids  present,  but 
is  also  affected  by  the  composition  of  the  liquid  fatty  acids,  as  the 
wide  variation  in  the  iodine  absorption  of  these  acids  shows.  The 
Italian  oils  are  not  very  different  from  the  California  oils  in  this 
particular,  and  this  work  is  confirmed  by  De  Negri  and  Fabris* 
in  their  recent  extensive  work  on  Italian  oils. 

These  results  make  it  evident  that  the  iodine  absorption  alone 
can  have  little  value  in  determining  the  purity  of  an  oil,  as  all  but 
v«ry  g^oss  adulteration  can  be  covered  up  by  this  range  of  from 
78.5  to  89.8  for  the  Hiibl  figures.  The  average  for  the  Hiibl  figures 
on  the  oils  examined  is  higher  for  the  California  oils  than  for 
Italian  oils,  but  from  all  the  figures  available  on  pure  oils  there  is 
not  so  wide  a  difference.  De  Negri  and  Fabris*  found  an  average 
of  83.7.  In  fifty-seven  samples  of  commercial  Italian  olive  oil, 
imported  into  this  country,  in  which  no  adulteration  was  detected, 
the  average  figure  was  80.5. 

The  melting-point  of  the  fatty  acids — the  point  where  the  acids 
in  a  capillary  tube  became  clear — also  showed  wide  variation  and 
a  very  close  relation  to  the  percentage  of  solid  fatty  acids,  as  would 
be  expected.  These  oils  were  all  tested  qualitatively  for  cotton- 
seed, peanut  and  other  seed  oils,  with  negative  results  in  all  cases. 

1  This  Jonmat,  94,  266. 

«  •Ann.  I^b.  chim.  Cent,  dclle  Gab.."  Vol.  I,  Gli  Olii,  Pan  I. 

'  **  Rap.  snr  lea  Huilea  D'Olive  de  Tunii.se,"  1900. 
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Table  II  contains  the  results  of  analysis  of  a  number  of  pure 
oils  of  various  kinds,  some  of  which  were  pressed  in  the  laboratpry 
and  others  were  pressed  under  our  supervision.  The  lard  oils 
were  obtained  from  Armour  &  Co.,  and  cottonseed  oils,  except 
No.  I,i86,  from  the  American  Cotton  Oil  Company.  The  lard 
oil  No.  23,606  was  a  pure  white  product  and  free  from  lardy  odor, 
except  when  heated.  The  peanut  oils  were  cold>pressed  from 
American  nuts.    The  cocoanut  oil  was  from  fresh  cocoanuts. 

The  mustard,  rape  and  poppy  oils  were  prepared  from  seeds 
which  were  identified  by  Miss  Charles,  of  the  Seed  Laboratory 
of  the  U.  S.  Dept.  of  Agriculture,  as  follows : 

770  Brown  mustard    Brassica  Arvensis  (Charlock). 

771  Black        "  Brassica  Juncea  (Indian  mustard). 
776    Yellow      *'           Sinapus  Alba  (yellow  mustard). 
775    Rape  seed            Brassica  Napus, 

774    Poppy  seed  P^pavers(nnni/er(oigivLm^^o^ipy), 

The  other  oils  were  prepared  from  commercial  seeds  or  nuts 
and  were  cold-pressed.  These  oils,  with  the  exception  of  linseed, 
are  used  as  substitutes  or  adulterants  of  olive  oil  and  were 
analyzed  in  order  to  obtain  more  complete  data  on  American  oils, 
there  being  very  few  published  results  on  oils  of  this  class. 

The  Maumen'e  test  was  made  on  the  oils  having  a  high  iodine 
number  by  using  a  weaker  acid,  as  suggested  by  Sherman,  Dan- 
ziger  and  Kohnstamm.^ 

The  relation  between  the  solid  fatty  acids,  the  Hiibl  number  and 
the  iodine  number  of  the  liquid  fatty  acids  should  be  noted.  The 
mustard  oils  have  a  higher  Htibl  number  than  cottonseed-oil,  but 
having  only  a  small  percentage  of  solid  fatty  acids,  the  true  iodine 
number,  as  it  is  sometimes  called,  is  only  a  little  higher  than  the 
Hubl  number,  while  the  cottonseed-oils,  with  a  large  percentage 
of  solid  fatty  acids,  have  a  much  higher  iodine  figure  for  the  liquid 
fatty  acids. 

The  relation  of  the  iodine  number  of  the  liquid  fatty  acids  to 
the  drying  prc^erties  of  the  oil  is  shown  to  the  greatest  extent  in 
cottonseed  and  poppy  oils.  The  iodine  numbers  of  the  liquid  fatty 
acids  of  the  two  oils  are  practically  the  same  and  their  drying 
properties  are  practically  the  same,  but  the  Hiibl  number  of  poppy 
oil  is  134.9  and  cottonseed-oil  103-105.  In  this  case,  the  Hiibl  num- 
ber pves  very  little  idea  as  to  the  drying  caps^city  of  the  oil.  This 
same  relation  holds  true  with  other  oils.    Rape  oils  and  cottonseed- 

1  This  Journal,  34,  a66. 
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oil  with  the  same  Hiibl  number  have  very  different  powers  of  ab- 
sorbing oxygen. 

The  true  iodine  figure  gives  a  much  better  idea  of  the  nature 
of  the  unsaturated  fatty  acids  present  than  the  Htibl  figure. 
Sample  No.  23,606,  with  a  Htibl  number  of  69.7,  but  containing 
26.68  per  cent,  of  solid  fatty  acids,  has  an  iodine  number  of  the 
liquid  fatty  acids  of  95.8,  which  is  practically  the  same  as  that 
given  by  olive  oils,  showing  that  the  liquid  portion  of  lard  oil  is 
very  similar  to  the  liquid  portion  of  olive  oil. 

The  Htibl  figure  depends  largely  on  the  method  of  making  the 
oil,  whether  hot-  or  cold-pressed.  The  unsaturated  fatty  acids  of 
the  cocoanut  oil  are  very  different  from  those  of  the  palm  oil,  the 
former  having  an  iodine  figure  of  31  and  the  latter,  of  99.  This 
figure  closely  agrees  with  that  of  oleic  acid,  the  unsaturated  acid 
of  lard  and  olive  oils. 

The  iodine  number  of  liquid  fatty  acids  can  be  calculated  from 
the  iodine  number  of  the  oil  and  the  per  cent,  of  solid  fatty  acids, 
if  one  assumes  that  the  total  fatty  acids  in  an  oil  is  95.5  per  cent. 

The  total  fatty  acids  less  the  solid  fatty  acids  give  the  liquid 
fatty  acids.  From  the  following  formula,  the  iodine  number  of 
the  liquid  fatty  acids  can  be  calculated : 

A  =  Iodine  number  liquid  fatty  acids. 

I  =  Htibl  number. 

L  =  Percentage  liquid  fatty  acids. 

The  peanut  oils  Nos.  499  and  772  show  quite  a  difference  in 
iodine  number,  but  it  can  be  seen  that  a  very  large  amount  of  either 
of  these  oils  could  be  mixed  with  olive  oil  without  changing  any 
of  the  physical  or  chemical' properties  enough  to  certainly  show  its 
presence. 

The  only  reliable  test  is  the  separation  of  the  arachidic  acid. 
These  tpwo  samples  had  3.78  and  4.12  per  cent,  of  this  acid  present, 
which  melted  at  from  72**  to  72.5**  C. 

In  all  of  these  oils,  even  those  taken  fresh  from  the  press,  free 
fatty  acids  were  found,  showing  that  they  must  have  existed  as 
such  in  the  seeds.  The  three  samples  of  commercial  cottonseed- 
oil  contained  only  traces  of  free  acid  due  to  the  process  of  refining, 
while  sample  No.  1,186,  which  had  not  been  refined,  but  was  fresh 
from  the  press,  contained  2.17  per  cent. 
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A  nODIFICATION  OF  THE  AVERY-BEANS  METHOD  FOR 
DETERMINING  TOTAL  AR5ENI0US  OXIDE  IN 
PARIS  QREEN. 

By  J.  K.  Haywood. 
Received  Juae  ad.  1903. 

INTRODUCTION. 

Until  recently,  nearly  all  methods  for  determining  total  arseni- 
ous  oxide  in  Paris  green,  in  so  far  as  the  author  has  been  able  to 
find  by  careful  search  of  chemical  literature,  were  based  upon  the 
oxidation  of  all  arsenic  to  the  "ic"  condition  and  a  subsequent 
precipitation  with  magnesia  mixture,  followed  by  a  gravimetric 
determination  as  magnesium  pyroarsenate.  Some  oxidized  with 
hydrochloric  acid  and  potassitun  chlorate  and  determined  the  ar- 
senic in  the  presence  of  copper ;  some  oxidized  with  fuming  nitric 
acid  and  determined  the  arsenic  in  the  presence  of  copper,  and 
odiers  first  removed  the  copper  by  boiling  with  sodium  hydroxide 
and  oxidized  the  filtrate  with  hydrochloric  acid  and  potassium 
dilorate,  but  all  finally  precipitated  the  arsenic  with  magnesia 
mixture  and  weighed  as  magnesium  pyroarsenate. 

While  a  few  chemists  determined  the  arsenic  by  precipitation 
along  with  copper  as  the  sulphide  and  a  subsequent  separation  of 
Ae  two  sulphides,  this  method,  on  account  of  inherent  difficulties, 
was  seldom  employed. 

During  1899  Smith^  devised  a  volumetric  method  based  on  a 
titration  of  the  arsenious  oxide  in  Paris  green  after  all  of  the 
copper  had  been  removed  and  the  arsenic  reduced  to  the  "ous" 
condition.  This  method  was  a  great  improvement  over  the  old 
ones  in  that  one  could  make  a  determination  of  the  total  arsenious 
oxide  in  a  single  sample  of  Paris  green  in  about  forty-five  minutes. 

During  September,  1900,  the  author*  published  a  paper  upon 
"The  Adulteration  and  Analysis  of  Arsenical  Insecticides"  in 
which  a  comparison  was  made  of  the  Smith  method  and  two  or 
three  of  the  old  methods  mentioned  above.  It  was  shown  by  this 
study  that  the  old  methods  based  on  the  magnesium  precipitation 

'  This  Jovnial,  31, 769. 
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gave  low  results,  while  the  Smith  method  always  gave  correct  re- 
sults, if  a  few  simple  precautions  were  taken  that  had  not  been 
mentioned  by  Smith  in  his  original  article. 

In  1 901,  Avery  and  Beans^  published  a  method  for  determining 
total  arsenious  oxide  in  Paris  green.  Since  this  method  is  the  one 
that  is  to  be  critically  studied,  it  will  be  given  in  full. 

Method,— S^implt  the  Paris  green  (as  one  would  an  ore  for 
assaying)  down  to  about  i  gram.  Pulverize  this  small  sample  in 
an  agate  mortar  and  weigh  out  0.2  tp  0.3  gram  in  a  beaker  of,  say, 
300  cc.  capacity.  Add  25  cc.  of  water,  and  to  the  g^een  suspended 
in  the  water  add,  with  constant  stirring,  concentrated  hydrochloric 
acid  till  solution  is  just  effected.  Six  to  twelve  drops  are  usually 
sufficient.  Now  add  to  the  acid  solution  sodium  carbonate  solu- 
tion till  a  slight  permanent  precipitate  is  formed.  Dissolve  this 
precipitate  by  adding  2  to  3  grams  of  soditun  potassium  tartrate 
in  solution.  Now  dilute  to  about  200  cc.,  add  solid  sodiuni  bicar- 
bonate and  starch  solution,  and  titrate  with  iodine  in  the  usual  way. 

In  a  critical  study  that  was  made  of  this  method  in  comparison 
with  others,  by  the  Association  of  Official  Agricultural  Chemists, 
it  was  shown  by  the  author  and  other  chemists  that  most  excellent 
results  were  obtained  when  pure  samples  of  Paris  green  were  ex- 
amined, but  that  when  samples  of  greens  containing  considerable 
quantities  of  freearsenious  oxide  were  examined,  the  method  always 
gave  low  results.  This  was  due  to  the  fact  that  the  free  arsenious 
oxide  was  not  dissolved  by  hydrochloric  acid  in  the  cold.  Since  any 
method  that  is  to  be  used  for  determining  total  arsenious  oxide  in 
Paris  green  should  include  the  free  arsenious  oxide,  which  is  one 
of  the  most  common  adulterants,  it  at  once  became  evident  that  the 
method  would  have  to  be  modified  to  admit  of  its  application  in 
general  work,  especially  in  station  control  work.  As  this  method, 
with  pure  Paris  greens,  is  accurate  as  well  as  extremely  short 
(only  about  five  minutes  being  required  for  a  single  determina- 
tion), it  appeared  to  the  author  that  any  slight  modification  of  it 
which  would  allow  of  its  application  to  Paris  greens  containing 
free  arsenious  oxide,  would  be  well  worthy  of  some  study.  With 
this  end  in  view,  the  following  experimental  work  was  carried  out. 

EXPERIMENTAL  WORK. 

Experiment  1, — It  was  at  first  thought  the  method  might  be 
modified  in  the* following  manner:   Carry  the  manipulation  down 

1  This  Journal,  aj. 
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to  the  point  where  hydrochloric  acid  has  been  added,  a  drop  at  a 
time,  to  get  the  Paris  green  in  solution.  At  this  point  all  Paris 
green  will  be  dissolved,  while  most  of  the  free  arsenious  oxide 
will  remain  undissolved.  Now  add  a  slight  excess  of  sodium  car- 
bonate and  boil  to  get  all  arsenious  oxide  into  solution,  cool,  acidify 
with  hydrochloric  acid,  a  drop  at  a  time,  add  sodium  bicarbonate 
until  a  faint  precipitate  is  apparent,  then  sodium  potassium  tar- 
trate, then  an  excess  of  sodium  bicarbonate  and  after  dilution 
titrate  with  iodine  in  the  ordinary  way. 

Working  in  this  way  upon  a  Paris  g^een  that  had  been  shown  to 
contain  67.98  per  cent,  total  arsenious  oxide  by  the  Smith  method, 
of  which  27.50  per  cent,  was  free  arsenious  oxide,  the  following 
results  were  obtained :  66.55  P^^  cent. ;  67.50  per  cent. ;  67.15  per 
cent. ;  and  67.70  per  cent.  It  at  once  became  evident  that,  while 
this  method  sometimes  gave  practically  correct  results,  the  tend- 
ency was  toward  low  results,  so  that  it  was  not  to  be  depended 
upon  unless  the  factors  that  caused  the  variation  could  be  dis- 
covered and  controlled. 

Since  prolonged  boiling  of  arsenious  compounds  with  alkalies 
is  apt  to  cause  the  formation  of  arsenic  compounds,  it  was  thought 
that  the  length  of  lime  of  boiling  the  solution  might  cause  the 
reduction  in  the  amount  of  arsenious  oxide  found.  To  test  this, 
definite  weights  of  the  Paris  green  were  treated  as  above,  using  i 
gram  of  sodium  carbonate  for  each  determination,  and  the  boiling 
was  continued  for  varying  lengths  of  time.  The  following  results 
were  obtained : 


TimcorboiUofr. 

Arsenious  oxide. 

Minntes. 

Per  cent. 

4 

67.26 

8 

67.26 

ID 

63.95 

30 

63.43 

30 

Decided  reduction  of  the  copper. 

It  appeared  then,  from  the  above  table,  that  the  longer  the 
boiling  was  continued  the  lower  the  results,  and  that  the  low  re- 
suhs  were  caused  by  the  action  of  sodium  carbonate  on  the  Paris 
green,  resulting  in  the  reduction  of  the  copper  and  consequent 
oxidation  of  part  of  the  arsenious  oxide. 

Since  only  slightly  low  results  were  obtained  when  the  green 
was  boiled  for  from  four  to  eight  minutes  with  i  gram  of  sodium 
carbonate,  it  was  thought  that  by  reducing  the  amount  of  the 
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sodium  carbonate  and  only  boiling  from  four  to  eight  minutes,  the 
error  due  to  the  action  of  the  sodium  carbonate  upon  the  Paris 
green  might  be  so  reduced  as  to  be  negligible.  Working  upon 
this  basis,  the  following  results  were  obtained : 

Amount  of  sodium  carbonate 

Time  of  uaed  in  excess  of  that  Arsenious 

boiliniT-  necessary  to  neutralise  oxide  found. 

Minutes.  the  hydrochloric  acid.  Per  cent. 


7  dropB  of  a  saturated  sodium 
carbonate  solution. 


67.39 


4  drops  of  a  saturated  sodium  , 

carbonate  solution. 

Even  in  this  case,  with  a  minimum  of  sodium  carbonate  and  a 
minimum  time  of  boiling,  low  results  were  obtained  and  it  was 
evident  that  the  method  was  worthless. 

Experiment  2. — An  attempt  was  made  to  use  sodium  bicar- 
bonate instead  of  sodium  carbonate;  the  method  in  all  its  other 
details  was  the  same  as  described  Jn  Experiment  i. 

Working  in  this  way  upon  the  same  Paris  green,  the  following 
results  were  obtained  where  definite  weights  of  the  green  were 
used;  a  definite  quantity  of  sodium  bicarbonate  (10  grams)  was 
added  in  each  determination  and  the  time  of  boiling  was  varied. 


Time  of  boiling. 

Arsenious  oxide. 

Minutes. 

Per  cent. 

5 

67.44  (a  few  flakes  of  arsenious 

10 

67.96        oxide  undissolved. ) 

10 

67.96 

15 

67.35 

20 

66.92 

40 

63.43  (decided  reduction  of 

copper.) 

It  appeared  from  the  above  table  that  five  minutes'  boiling 
was  not  sufficient  to  cause  all  of  the  free  arsenious  oxide  to  go 
into  solution;  that  ten  minutes'  boiling  gave  theoretical  results, 
while  with  fifteen,  twenty  and  forty  minutes'  boiling  the  results 
were  progressively  lower,  until  at  forty  minutes  a  marked  reduc- 
tion of  the  copper  and  consequent  oxidation  of  arsenious  oxide 
were  shown. 

The  ten-minute  period  of  boiling  with  10  grams  of  sodium  bicar- 
bonate was  tried  with  various  other  Paris  greens,  but  low  results 
were  obtained  in  so  many  cases  that  it  was  seen  that  the  time  of 
boiling  must  be  altered  for  different  samples,  thus  rendering  the 
method  valueless. 
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An  attempt  was  made  to  reduce  the  amount  of  sodium  bicarbon- 
ate and  so  get  correct  results,  but  it  was  found  that  unless  the 
sodium  bicarbonate  was  present  in  comparatively  large  quantities, 
the  free  arsenious  oxide  went  into  solution  very  slowly,  so  that  a 
prolonged  boiling  was  necessary,  which  always  resulted  in  a 
slight  reduction  of  the  copper  of  the  Paris  green. 

Experiment  3. — ^The  only  other  way  of  applying  the  Avery- 
Beans  method  of  analysis  to  Paris  green  containing  free  arsenious 
oxide  that  suggested  itself  to  the  author  was  to  separate  the  un- 
dissolved, free  arsenious  oxide  and  the  dissolved  arsenious  oxide 
and  to  -determine  them  separately.  To  do  this  the  following 
method  of  analysis  was  used:  Sample  the  Paris  green  (as  one 
would  an  ore  for  assaying)  down  to  about  2  grams.  Pulverize 
this  small  sample  in  z  mortar  and  place  from  0.3  to  0.4  gram  in  a 
beaker.  Add  about  25  cc.  of  water  and,  while  constantly  stirring, 
add  concentrated  hydrochloric  acid,  a  drop  at  a  time  until  all  the 
Paris  green  is  in  solution  and  the  free  arsenious  oxide  remains  as 
a  residue.  Filter  and  wash  the  residue.  The  arsenious  oxide  in 
the  filtrate  is  determined  in  exactly  the  same  manner  as  is  given 
in  the  original  Avery-Beans  method.  The  filter  and  contents  are 
dropped  back  into  the  beaker,  which  also  receives  the  water 
used  in  washing  the  funnel.  Five  grams  of  sodium  bicarbonate 
are  added  and  the  solution  boiled  until  the  arsenious  oxide  is  com- 
pletely dissolved  (this  takes  from  five  to  ten  minutes).  The  re- 
sulting solution  is  cooled  and  acidified,  using  a  drop  of  methyl 
orange  to  read  the  change.  It  is  then  made  alkaline  again  with 
sodium  bicarbonate,  starch  is  added  and  the  arsenious  oxide  titrated 
in  the  usual  way  with  standard  iodine.  By  this  method  the  results 
given  in  the  following  table  were  obtained.  There  are  also  given 
the  results  obtained  by  the  Smith  method,  which  we  know  to  be 
correct,  and  a  determination  of  the  free  arsenious  oxide  by  the 
sodium  acetate  extraction  method  and  by  the  ten-day  water  ex- 
traction method. 


Soluble  A8sO| 

•odium 

acetate 

extraction. 

Soluble  AflsOt 

lo-day 

water 

extraction. 

Total 

Sm'ith 
method. 

Total  AssOs 
modified 

Avery-Beans 
method. 

5temple  No.  i.*.      7.25 
"     2...     13.50 
••     3...     26.00 

8.75 
14.90 
28.00 

58.98 
61.71 
67.60 

59.17 
61.68 

67.42 

"         '*     4---       7.18 

8.19 

59.86 

59.87 

It  will  thus  be  seen  that  bv 

modifying 

the  Avery-Beans  metli 
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as  above,  it  can  be  applied  to  Paris  green  containing  free  arsenious 
oxide  and  will  give  results  which  are  strictly  comparable  with  the 
Smith  method.  While  this  modification  increases  the  time  of 
carrying  out  the  analysis  on  a  single  sample  from  about  five  to 
twenty  minutes,  it  still  results  in  a  method  which  is  much  shorter 
than  any  known  by  the  author  for  this  class  of  compounds. 

Now  that  the  above  modification  has  been  worked  out,  it  ap- 
pears so  simple  and  obvious  that  the  author  almost  feels  reluctant 
to  publish  it.  When  it  is  taken  into  consideration,  however, 
that  the  Avery-Beans  method  has  been  before  the  Association  of 
Official  Agricultural  Chemists  for  two  years  and  that,  although 
its  limitations  were  spoken  of,  no  one  suggested  the  above  change ; 
that  the  author  has  also  worked  with  the  method  for  about  two 
years  without  previously  thinking  of  the  change  and  that  finally 
Avery  and  Beans,  the  originators  of  the  method,  did  not  suggest 
the  above  simple  modification  so  that  it  might  be  applied  to  Paris 
green  adulterated  with  arsenious  oxide,  it  seems  that  the  results 
are  worthy  of  publication,  especially  since  a  shorter  time  and 
fewer  manipulations  are  involved  than  in  any  other  method  for 
determining  arsenious  oxides  in  Paris  green  at  present  known 
to  the  author. 


[Contribution  from  thb  Havbmbvbr  Laboratories  of  Columbia  Uni- 
versity, No.  87.] 

A  nODIPICATlON  OF  THE  BABCOCK-BLASDALE  VISCOSITY 
TEST  FOR  OLIVE  OIL. 

Bv  Hbrbbrt  Abraham. 
RcodTcd  June  96*  1903. 

According  to  Blasdale,  Prof.  Rising  was  thje  first  to  suggest 
the  possibility  of  using  the  factor  representing  the  viscosity  of 
the  soap  solution  formed  from  a  fixed  amount  of  olive  oil,  saponi- 
fied by  a  definite  amount  of  potassium  hydroxide,  for  detecting 
adulterated  samples.  At  his  suggestion  Babcock,  who  had  in 
1886^  examined  a  numbef  of  samples  of  butter  and  its  principal 
adulterants,  tested  also  a  few  of  the  most  common  fatty  oils.  His 
results  show  that  butter  gave  the  soap  of  lowest  viscosity,  and  he 
also  remarked  that  among  the  fatty  oils,  olive  gave  one  of  about 
the  highest  viscosity.    The  method  was,  at  this  time,  used  simply 

1  Reports  N.  Y.  SUte  AgiioiUaral  Bxperiin«nt  Station.  1886,  p.  338  ;  and  1887,  p.  380. 
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for  the  examination  of  butter,  and  it  was  only  in  1895  that  Bias- 
dale*  applied  it  to  olive  oils.  His  paper  contains  the  results  ob- 
tained from  a  number  of  samples  of  pure  and  commercial  olive 
oils,  and  also  from  a  few  oils  which  might  be  used  as  adulterants 
of  olive  oil.  The  figures  obtained  with  different  pure  samples 
of  olive  oil  varied  considerably,  but  were  always  higher  than  those 
of  the  adulterated  oils. 

The  method  was  considered  especially  promising  for  the  de- 
tection of  lard  oil  and  as,  at  present,  no  good  method  is  known  by 
whidi  the  presence  of  the  latter  in  olive  oil  can  be  determined  with 
any  degree  of  accuracy,  its  importance  is  obvious. 

That  this  method  has  not  come  into  more  general  use  may  be 
ascribed  to  the  difficulty  experienced  in  obtaining  concordant  re- 
sults. 

The  writer  has  undertaken  to  study  and,  as  far  as  possible,  to 
mitigate  or  obviate  the  causes  which  led  to  the  discrepancies  in  the 
method  as  hitherto  carried  out. 

At  first  the  method  used  by  Blasdale*  was  strictly  followed,  but 
this  was  soon  modified  with  respect  to  the  means  of  determining 
the  viscosity  of  the  soap  solution  eventually  obained.  Doolittle's 
viscosimeter*  was  employed  in  the  earlier  tests,  but  the  cost  of 
this  instrument  has  restricted  its  use  to  but  a  few  laboratories. 
Moreover,  for  the  present  purpose  there  seems  to  be  no  theoretical 
advantage  in  measuring  the  viscosity  by  the  torsion  method,  and 
no  objection  to  the  use  of  a  viscosimeter  which  determines  the  rate 
of  flow  of  the* liquid  through  an  aperture.  In  addition  to  being 
accurate,  inexpensive,  and  easy  of  manipulation,  it  is  important 
that  the  instrument  used  should  be  of  such  construction  as  to  be 
readily  kept  at  the  desired  temperature.  Ostwald's  viscosimeter* 
appears  to  meet  these  requirements  more  satisfactorily  than  any 
other  with  which  the  writer  is  familiar,  and  it  was  thought  that  a 
comparison  of  this  with  the  Doolittle  viscosimeter  might  yield  re- 
sults of  value.  The  following  were  obtained  on  testing  aqueous 
solutions  of  sucrose. 

>  This  Jonmal,  17,  937  (1895). 

s  Fifteen  Krama  of  oil  are  weighed  in  a  saponification  flask,  and  treated  with  30  cc.  of 
water  oontaininff  exactly  7.5  grams  potassium  hydroxide,  and  tocc.  of  alcohol.  This  is 
heated  on  a  water-bath  until  complete  saponification  has  been  effected.  The  resulting 
■oap  is  washed  into  a  large  evaporating  dish,  heated  until  all  the  alcohol  is  expelled,  and 
dUnted  to  exactly  500  cc.  at  15°  C.  The  viscosity  is  determined  by  means  of  a  torsion  vis- 
eosinicter  and  calculated  in  terms  of  grams  sugar  per  liter. 

«  This  Journal,  ig.  173  (1893). 

*  OBtwald-I«uther  :  "  Phsrsico-Chemische  Messungen,*'  2nd  edition  (1893),  p.  a66. 
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Doolittle'8  viacoslmeter.  Ostwald'i  viscoaimeter. 


Grams 
sugar 

lUcr. 

I. 

II. 

' 

III. 

* 

ReUrdation 
at  a6.60  C. 

Differ- 
ences. 

Lor.  decrs. 
atao«C. 

Differ- 
ences. 

Aba.  viacoflime* 
ter  at  3o«  C. 

^ffer- 
encea. 

O 

6.7 

.. 

»55 

.. 

100 

.. 

lOO 

7.1 

0.4 

295 

40 

'32 

32 

200 

7.5 

0.4 

345 

50 

186 

54 

300 

8.0 

0.5 

410 

65 

306 

120 

400 

8.9 

09 

500 

90 

455 

149 

500 

II.O 

3.1 

670 

170 

712 

257 

600 

14.5 

3-5 

... 

... 

1448 

736 

700 

21.5 

7.0 

... 

... 

.... 

800 

32.8 

11.3 

... 

... 

.... 

... 

900 

71-5 

38.7 

... 

... 

.... 

... 

Column  I  gives  the  results  expressed  by  the  method  employed 
by  Doolittle,  Column  II  by  the  method  used  by  Babcock,^  and 
Column  III  in  terms  of  the  absolute  viscosity  as  will  be  used 
throughout  the  following  work. 

It  will  be  noted  that  Columns  I  and  III  are  obtained  directly 
from  the  readings,  while  the  results  in  Column  II  have  been  in- 
creased without  rendering  them  more  accurate,  by  obtaining; 
the  logarithmic  decrements  and  then  multiplying  by  10,000.  In 
spite  of  this,  however,  the  ranges  between  the  consecutive  figures 
in  Column  III  are  greater  than  those  in  the  other  two  columns. 
Ostwald's  viscosimeter  is,  therefore,  quite  as  delicate  as  Doolittle's. 
It  costs  about  forty  cents,  whereas  the  Doolittle  viscosimeter  is 
sold  for  $65.  Moreover,  Ostwald's  instrument  requires  for  a  test 
only  about  one-hundredth  as  much  of  the  liquid,  and,  on  account 
of  its  smaller  size,  it  is  easier  to  maintain  at  the  desired  tempera- 
ture throughout  the  operation. 

The  changes  which  next  suggested  themselves  were  (i)  the 
avoidance  of  transferring  the  soap  from  one  vessel  to  another,  and 
(2)  the  use  of  a  smaller  bulk  of  soap  solution. 

Both  were  effected  by  employing  one-fifth  the  quantities  of  oil, 
potassium  hydroxide,-  and  of  alcohol  used  by  Blasdale.  This 
corresponds  to  a  soap  solution  of  100  cc. 

As  the  results  of  considerable  study  of  the  details  of  manipu- 
lation, it  was  found  that  the  principal  causes  of  variable  results 
obtained  by  the  method  are   (i)   variations  in  the  amount  of 

>  Report  N.  Y.  State  Ag^ricultural  Bzperiment  Station  for  1886,  p.  316  ;  alao  J,  Anal. 
Chem.  (1887),  I,  151. 

*  Thia  amount  waa  aubaequently  diminiahed  alightly  in  order  to  obtain  more  concor- 
dant reaulU. 
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caustic  potash  present  in  excess;  (2)  incomplete  expulsion  of  the 
alcohol  used  in  saponification;  (3)  absorption  of  carbon  dioxide 
by  the  excess  of  alkali,  during  the  expulsion  of  the  alcohol ;  (4) 
varying  the  temperature  at  which  the  actual  viscosity  is  deter- 
mined ;  (5)  varying  the  dilution  of  the  soap  solution. 

Each  of  these  points  was  studied  separately  with  a  view  of 
finding  the  best  conditions  of  manipulation. 

Varying  the  Amount  of  Potassium  Hydroxide  Used. — It  was 
found  that  the  viscosity  of  the  soap  solutions  increased  rapidly 
with  the  amount  of  potassium  hydroxide  present  in  excess  of  that 
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required  for  saponification.  Thus,  with  an  olive  oil,  saponified 
with  5  cc*  potassium  hydroxide,  the  average  time  of  flow  was  200 
seconds;  with  5.2  cc,  253  seconds;  with  5.4  cc,  310  seconds;  with 
5-6  CO.,  412  seconds ;  with  5.8  cc,  568  seconds ;  with  6  cc,  the  soap 
was  to  viscous  to  test  to  any  degree  of  accuracy. 

These  results  are  plotted  in  the  form  of  a  curve  (Fig.  i).    It 
is  evident  from  these  experiments  that  relatively  small  variations 

1  One  cc.  conUining  ^'4  gram  exactly. 
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in  the  amount  of  free  alkali  present  cause  large  changes  in  the 
viscosity  of  the  solution.  Even  the  variations  due  to  the  differ- 
ences in  the  Koettstorfer  figure  of  different  samples  may  seriously 
affect  the  results.  It  is  much  better,  therefore,  instead  of  using 
a  fixed  amount  of  alkali  in  each  case,  to  determine  the  alkali  re- 
quired for  the  saponification  of  each  sample,  and  then  vary  the 
amount  of  alkali  taken  so  that  the  soap  solution  to  be  tested  will 
always  contain  a  fixed  excess  of  potassium  hydroxide. 

Expelling  the  Alcohol  Completely  with  "Ordinary  Air"— The 
same  oil  saponified  with  4.80  cc.  potassium  hydroxide  (2.50  cc. 
in  exceiss  of  that  required  for  saponification)  etc.,  and  the  alcohol 
expelled  completely  by  a  current  of  air  passed  over  the  surface  of 
the  liquid,  gave  an  average  time  of  flow  of  148  seconds. 

Expelling  the  Alcohol  Completely  mth  "Ordinary  Air^'  as 
above.  Followed  by  Passing  in  Carbon  Dioxide  (Converting  all 
the  Caustic  into  Carbonate) . — ^The  same  oil  under  this  treatment 
gave  an  increase  of  93  seconds  in  the  time  of  flow,  while  the  soap 
solution  of  another  oil,  whose  original  time  of  flow  was  137.2 
seconds,  was  increased  by  nearly  23.8  seconds. 

These  and  other  irregularities  led  to  the  conclusion  that  the  use 
of  carbon  dioxide  is  unsatisfactory. 

Expelling  the  Alcohol  Completely  with  Air  Free  from  Carbon 
Dioxide. — The  same  oil  saponified  as  above,  and  having  a  stream 
of  pure  air  passed  over  its  surface  for  half  an  hour  while  beings 
heated,  on  a  water-bath,  gave  an  average  time  of  flow  of  151.6 
seconds. 

This  led  to  the  adoption  of  air  free  from  carbon  dioxide. 

Length  of  Time  Required  to  Expel  the  Alcohol. — Saponification 
as  above  with  a  Krooriig  valve  in  fifteen  minutes,  the  viscosity  be- 
ing determined  directly  without  expelling  the  alcohol,  gave  an 
average  time  of  flow  of  143  seconds. 

Another  portion  saponified  in  fifteen  minutes,  with  air  free  from 
carbon  dioxide  passed  through  for  fifteen  minutes,  gave  an 
average  time  of  flow  of  150.4  seconds. 

A  third  portion  saponified  as  above,  air  free  from  carbon 
dioxide  being  passed  in  for  ten  minutes,  gave  an  average  time  of 
flow  of  15.2  seconds. 

Ten  minutes  was,  therefore,  considered  sufficient  for  the  removal 
of  the  alcohol. 
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Varying  the  Temperature. — Saponified  with  4.80  cc.  potassium 
hydroxide,  etc.,  in  fifteen  minutes,  air  free  from  carbon  dioxide  be- 
ing then  passed  in  for  ten  minutes.  When  the  soap  solution  was 
tested  at  15**  C,  the  time  of  flow  was  205.3  seconds ;  at  16®  C,  196.0 
seconds;  at  17®  C,  185.0  seconds;  at  18**  C,  172.7  seconds;  at  19* 
C,  161.3  seconds ;  at  20**  C,  150.4  seconds ;  at  21  **  C,  142.0  seconds ; 
at  22**  C.,134.3  seconds;  at  23**  C,  127.0  seconds;  at  24**  C,  120.0 
seconds;  at  25®  C,  114.0  seconds. 

The  results  are  plotted  in  a  curve  (Fig.  2). 
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Varying  the  Dilution  of  the  Soap  Solution. — The  average  time 
of  flow  of  a  certain  soap  solution  was  161  seconds ;  the  same,  three- 
quarters  strength,  was  120  seconds;  one-half  strength,  105  sec- 
onds ;  one-quarter  strength,  98  seconds ;  for  water  alone,  95  sec- 
onds.   The  results  are  plotted  in  Fig.  3. 

In  order  to  avoid  or  minimize  any  variations  arising  from  the 
above  conditions,  and  to  obtain  a  solution  of  such  a  viscosity  as  to 
permit  of  convenient  and  accurate  measurement,  the  following^ 
details  should  be  observed : 
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(i)  In  every  case  add  exactly  2.5  cc.  of  potassium  hydroxide 
(0.25  gram  per  cubic  centimeter)  in  excess  of  that  required  for 
saponification.  This  amount  is  desirable  as  it  gives  a  compara- 
tively low  viscosity,  offering  the  following  advantages:  (a)  It 
takes  less  time  to  flow,  reducing  the  total  time  of  the  methixi; 
(6)  the  soap  dissolves  more  easily;  (c)  the  results  are  more  uni- 
form and  are  just  as  accurate. 
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Fig.  3. 


(2)  Two  cc.  of  alcohol  are  chosen  as  being  the  minimum  amount 
to  secure  rapid  saponification. 

(3)  The  alcohol  should  be  expelled  completely  by  means  of  a 
stream  of  air,  free  from  carbon  dioxide,  passed  through  the  flask 
for  about  ten  minutes.  This  secures  the  greatest  accuracy  com- 
bined with  the  greatest  rapidity. 

(4)  The  sgap  should  be  diluted  to  100  cc.  in  conformity  with  the 
above  conditions. 

(5)  The  viscosity  should  be  determined  at  exactly  20*"  C. 

THE  METHOD  AS  FINALLY  ADOPTED. 

/.  Apparatus. — (a)  100  cc.  flasks  accurately  calibrated  and 
thoroughly  cleansed  and  dried;  (ft)  a  "water-suction  apparatus" 
capable  of  raising  a  column  of  mercury  at  least  300  mm.;  (c)  a 
5  cc.  measuring  pipette,  graduated  accurately  to  V20  cc.  for  meas- 
uring out  the  potassium  hydroxide  solutwn.     The  end  of  this 
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pipette  should  be  drawn  out  into  a  thin-walled  capillary  so  as  to 
decrease  the  size  of  the  drops  and  thus  render  the  delivery  more 
accurate.  The  diameter  of  the  capillary  should  be  such  that  60  to 
65  drops  of  the  potassium  hydroxide  solution  are  delivered  per 
cubic  centimeter;^  (rf)  a  stopper  with  a  Kroonig  valve  to  fit  the 
100  cc.  flasks,  used  while  saponifying.  This  permits  any  vapors 
to  escape,  but  does  not  allow  air  to  enter  the  flask,  thus  avoiding 
contamination  by  carbon  dioxide;  (e)  a  ring-stand  carrying  a 
water-bath  and  U-tubes  to  remove  carbon  dioxide  from  the  air 
used ;  (/)  an  Ostwald  viscosimeter  and  accessories. 

//.  Reagents — (a)  A  solutionof  potassium  hydroxide  con- 
taining exactly  0.25  gram  per  cubic  centimeter,  made  up  ac- 
curately by  titration;  (ft)  alcohol  practically  free  from  impuri- 
ties, used  in  titrating.  This  should  be  tested  for  acidity  and 
neutralized,  if  necessary;  (c)  a  solution  of  phenolphthalein,  i 
gram  per  liter  in  pure  alcohol ;  (d)  ether  for  washing  out  the  vis- 
cosimeter, pipettes,  etc.;  (e)  standard  hydrochloric  acid  approxi- 
mately N/5. 

///.  Determination, — Weigh  out  two  portions  of  exactly 3 grams 
of  the  oil  into  100  cc.  flasks,  care  being  taken  not  to  introduce  any 
on  the  necks  of  the  flasks. 

Determination  of  the  Amount  of  Potassium  Hydroxide  Required 
for  Saponification. — ^To  one  portion  add  5  cc.  potassium  hydroxide 
and  2  cc.  alcohol  from  their  respective  pipettes.  Adjust  the  seal 
and  heat  on  the  water-bath  for  frwn  ten  to  fifteen  minutes,  when 
the  saponification  should  have  taken  ,place.  ^inse  the  soap  into  a 
beaker  with  about  100  cc.  pure  alcohol,  add  10  to  12  drops  phe- 
nolphthalein, and  titrate  with  hydrochloric  acid.  Calculate  the 
amount  of  potassium  hydroxide  to  be  added  next  time  in  order 
that  there  shall  be  2.5  cc.  in  excess  of  that  required  for  saponifi- 
cation. 

Preparing  the  Soap  Solution. — To  the  second  portion  of  oil,  add 
the  calculated  amount  of  potassium  hydroxide,  and  2  cc.  alcohol. 
Adjust  the  seal  and  saponify  on  the  water-bath.  The  time  re- 
quired for  saponification  may  be  materially  reduced  by  occasionally 
twirling  the  contents  of  the  flask.  If  thus  agitated  at  intervals,  it 
rarely  takes  longer  than  ten  minutes.  After  saponification,  the 
seal  is  replaced  by  a  stopper  carrying  two  tubes,  a  short  one  and 

*  Tlic  pipette  uted  by  the  writer  was  cftlibrated  by  weig^htng  the  water  which  it  de- 
livered at  aoPC;  when  s  cc.  were  delivered  altogether  the  accuracy  was  ±  ^  loi)  cc,  while 
tlK  grcateit  error  for  any  individual  cubic  centimeter  was  i,';o  cc. 
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a  long  one,  drawn  out  so  as  to  come  about  5  to  10  mm.  above  the 
surface  of  the  liquid.  The  lower  end  of  the  longer  tube  is  curved 
upwards  so  as  to  present  the  mechanical  carrying  off  of  the  liquid. 
The  other  end  of  this  .tube  is  connected  with  the  suction,  while  the 
shorter  tube  is  connected  with  the  absorption  train.  By  placing 
the  finger  over  the  entrance  to  the  last  U-tube,  a  partial  vacuum  is 
created  in  the  flask,  and  the  evaporation  of  water  and  alcc^ol  is 
accelerated,  as  is  seen  by  the  frothing  of  the  soap.  The  finger  is 
remqved,  and  the  operation  repeated  once  or  twice  at  intervals. 
The  evaporation  should  not  be  carried  so  far  as  to  remove  the 
water  present,  else  the  soap  will  solidify  and  take  an  inconveniently 
long  time  for  its  subsequent  solution.  It  will  suffice  to  take  the 
soap  down  to  the  consistency  of  molasses  (which  requires  five  to 
ten  minutes).  Without  allowing  it  to  cool,  the  flask  is  filled  alxmt 
half  full  of  boiling  water.  Upon  rotating,  the  soap  should  go  into 
solution  in  a  minute  or  two.  The  flask  is  now  immersed  in  a 
stream  of  cold  water  until  it  attains  about  the  temperature  of  the 
room,  when  it  is  diluted  to  the  marR  with  cold,  distilled  water  and 
mixed  well  by  shaking. 

Finding  the  Viscosity. — The  viscosimeter  should  be  cleaned  by 
attaching  it  to  suction  and  running  first  alcohol  and  then  ether 
through  it ;  it  is  then  immersed  in  a  cylinder  filled  with  water  kept 
exactly  at  20**  C. 

Great  care  must  be  exercised  on  introducing  the  3  cc.  of  soap 
solution  into  the  viscosimeter,  and,  on  sucking  it  up  the  capillary 
(which  must  be  done  very  slowly),  because  if  it  once  becomes 
frothy,  it  will  be  almost  impossible  to  secure  a  satisfactor>'  reading. 
With  a  little  practice  in  manipulation,  however,  the  soap  can  be 
maintained  free  from  enclosed  bubbles  during  the  entire  operation. 
The  first  reading  is  usually  rejected  so  as  to  give  the  liquid  a 
chance  to  assume  the  temperature  of  the  surrounding  water-jacket. 
Five  or  more  closely  agreeing  readings  should  be  averaged  to 
obtain  the  time  of  flow.  The  readings  should  agree  within  two 
seconds.  The  instrument  is  first  calibrated  by  using  pure,  distilled 
water  which  should  take  in  the  neighborhood  of  100  seconds  to 
flow  through.  Since  the  instruments  are  made  of  capillary  tubes 
of  different  diameters,  one  should  be  selected  which  takes  about 
100  seconds  with  water — ^this  being  most  satisfactory  for  the 
method. 

The  "absolute  viscosity"  is  calculated  by  means  of  the  following 
formula : 
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where  t^  =  the  time  of  flow, 

s^  =  the  specific  gravity  of  the  liquid  under  consideration, 
and       t  =  the  time  of  flow  of  water  under  Hke  conditions. 

The  specific  gravities  of  the  soap  solutions  of  all  the  principal 
oils,  as  based  on  a  large  number  of  determinations,  were  found 
to  approximate  1.07  ( within  db  0.005),  so  that  this  figure  may  be 
substituted  in  place  of  s^  in  the  above  expression.  An  extreme 
error  of  0.005,  due  to  this  assumption,  will  merely  affect  Vy  by 
0.5  to  0.7. 

The  formula,  therefore,  reduces  to 

t'l  =  kt^, 
where  t  is  a  constant  for  the  particular  apparatus  employed.    The 
value  of  z\  for  pure,  fresh  olive  oil  of  good  quality  is  usually 
165-185,  for  most  other  oils  it  is  about  125-135. 

In  general,  it  is  advisable  to  determine  the  viscosity  of  the  soap 
solution  while  fresh,  as  it  has  been  found  that  after  standing 
several  days  the  viscosity  is  sometimes  increased  and  sometimes 
decreased. 

In  the  hands  of  the  writer,  the  time  required  for  a  determina- 
tion by  the  present  method  is  less  than  half  that  required  by  the 
method  as  described  by  Blasdale. 

In  conjunction  with  Dr.  H.  C.  Sherman,  at  whose  suggestion 
this  investigation  was  undertaken,  the  modified  method  has  been 
applied  to  a  number  of  samples  of  olive,  lard,  and  other  fatty  oils, 
in  comparison  with  the  "constants"  by  means  of  which  such  oils 
are  usually  judged.  The  results  of  this  study  will  be  given  in  a 
subsequent  paper. 

QUAXTTTATIVS  LABORATORY, 
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As  part  of  a  comparative  study,  undertaken  in  this  laboratory, 
of  some  of  the  so-called  analytical  constants,  we  have  determined 
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the  viscosities  of  solutions  of  the  potassium  soaps  of  several  vege- 
table and  a  few  animal  oils.  The  method  of  making  this  vis- 
cosity test''  and  the  principal  conditions  which  influence  the  re- 
sults have  been  fully  described  by  one  of  us.^  In  the  present  paper, 
we  give  the  figures  obtained  by  the  method  as  finally  adopted,  and 
compare  them  with  some  of  the  more  commonly  determined  con- 
stants. 

The- specific  gravities  and  iodine  absorption  (Hiibl)  figures  were 
determined  as  in  previous  investigations.^  The  figure  here  called 
"Specific  Maumene"  is  the  rise  of  temperature  produced  on  mix- 
ing ID  cc.  of  sulphuric  acid  with  50  grams  of  the  oil,  the  result 
expressed  in  percentage  of  the  rise  shown  by  50  grams  of 
water  under  the  same  conditions.'  The  reaction  was  carried  out 
in  small,  jacketed  beakers,  ordinary  "C.P.  concentrated"  acid  being 
used,  except  in  cases  where  the  reaction  became  too  violent,  when 
acid  of  about  89  per  cent,  was  substituted,  as  noted  below. 

All  of  the  olive  oils  tested  were  purchased  from  presumably  re- 
liable dealers  in  New  York  City  and  are  believed  to  be  pure, 
though  some  are  cheap  oils  of  rather  poor  quality.  With  the 
exception  of  No.  18,  all  of  the  samples  of  lard  oil,  cottonseed  and 
maize,  and  the  first  sample  of  linseed  were  sent  to  us  by  the  mak- 
ers as  pure  typical  specimens.  The  remaining  samples  were  pur- 
chased from  responsible  dealers  and  are  believed  to  be  pure.  The 
dates  given  in  the  table  indicate  the  years  in  which  the  samples 
were  obtained  by  us. 

The  results  obtained  are  shown  in  the  following  table : 
Viscosity  Figures  and  Other  Constants  of  Some  Fatty  Oils. 

Sp.  sr.         Httbl    Specific      Viscosity 
No.  Description  of  oil.  15.5^.         figure.  Maumen^.     figure. 

1  Olive,  "  Lucca,'*  1903   0.9144  79-7  88  168.4 

2  Olive,  **  Marseille,**  1903 0.9152  82.3  91  168.0 

3  Olive,  *'  Niece,**  1903 0.9156  81.5  88  174.6 

4  Olive,  "Bordeaux,**  1903 0.9158  81.0  88  185.5 

5  Olive,  "Bordeaux,**  1903 0.9160  81.6  88  185.7 

6  Olive,  •'California,**  1903 0.9160  86.0  93  180.0 

7  Olive,  •*  Bordeaux,**  1903 0.9162  80.6  87  174.4 

8  Olive,  *•  Mareeille,*'  1903 0.9162  83.9  97  145-8 

9  Olive,  *•  Lucca,**  190 1 0.9165  80.5  ..  165.8 

10  Olive,  •*  Bordeaux,**  1903 0.9165        84.5      100  151.9 

11  Olive,  unknown  origin,  1899  . .    0.9170       84.5      100  153.7 

12  Olive,  unknown  origin,  1903  ..    0.9171        81.5        89  168.0 

I  See  the  preceding  paper, 
s  This  Journal,  aj,  168. 
*  This  Journal,  94,  266-373. 
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Viscosity  Figurbs  and  Othbr  Constants  of  Somb  Patty  Oils.— 

{Coniinu€d). 

Sp.p.         Bfibl     Specific     Viscosity 
No.  Dcacriptioii  of  oil.  15.5*.         figure.  Maumeii^.     figure. 

13  Olive,  unknown  origin,  1901  ••  0.9177  S6.1  106  157.9 

14  Lard  oil,  first  quality,  1903  ... .  0.9165  72.1  92  135.0 

15  Lard  oil,  Mcond  quality,  1903..  0.91S1  74.2  99  133. i 

16  Lard  oil,  third  quality,  1903  .. .  0.9187  63.9  79  126.9 

17  Lard  oil,  best  commercial,  1900  0.917  73.3  106  122.9 

18  Lard  oil,  for  lubricating,  1899  .  0.919  72.5  88  128.  i 

19  Almond,  commercial,  1899  ...  •  0.919  98.1  114  167.8 

20  Arachis,     commercial    peanut, 

1899 0.917        105.9      17^  1^-^ 

21  Castor,  crystal,  1899 0.964         86.9       94  126.6 

22  Cotton,  prime  summer  yellow, 

1900 0.920        102.8      161  127.9 

23  Cotton,  choice  summer  white, 

I9cx> 0.923  105.2  171  126.6 

24  Cotton,  old  sample 0.926  103.3  197^  126.6 

25  Rape,  commercial,  1901 0.920  107.4  ^W  125.6 

26  Rape,  unknown  origin 0.920  108.6  ...  125.7 

27  Rape,  unknown  origin,  old'.. •  0.926  99.3  ...  124.7 

28  Blown  rape,  commercial,  1 901  .  0.974  56.6  ...  123.2 

29  Sesama,  commercial,  1899 0.924  105.3  ^S^  I39*2 

30  Maize,  from  glucose  works,  1900  0.924  11 7. 2  174  126.6 

31  Poppy,  unknown  origin 0.925  125.3  ^'^^  ^^3-9 

32  Linseed,  from  Dakota  seed,  1900  0.934  180.  i  300^  126.6 

33  Linseed,  commercial,  1898 0.938  177.  i  298^  126.6 

COMPARISON  OP  VISCOSITY  PIGURE  WITH  OTHER  CONSTANTS. 

The  olive  oils  in  the  table  are  arranged  in  the  order  of  their 
specific  gravities  and  it  will  be  seen  that,  with  few  exceptions,  the 
increasing  specific  gravity  is  accompanied  by  increasing  iodine 
absorption  of  Maumene  figures,  while  the  viscosity  figure,  as  a 
role,  decreases.  This  may  be  shown  by  averaging  separately  the 
samples  falling  in  the  first  and  second  halves  as  given  in  the  table. 
The  results  are: 

Specific  Hiibl  Specific 

gnvity.  figure.  MAumen6.         Viscosity. 

Avenge,  Nos.  1-7..    0.9156  81.8  89  176.7 

Average,  Noa.  8-13.    0.9168  83.5  98  157.2 

The  first  group  gives  average  figures  which  would  indicate 
parity  and  high  quality,  and  here  the  viscosity  figures  are  high. 
The  seccxid  group  gives  results  which  would  be  taken  as  indicating 
a  lower  quality  of  oil,  and  here  the  viscosity  figures  average  much 
lower.    It  is  interesting  to  note  in  this  connection  that  five  of  the 

>  Dcftenaiflcd  by  Uie  use  of  add  of  about  89  per  cent. 
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seven  samples  in  the  first  group  were  commercially  rated  as  extra 
high  grade,  and  that  four  of  the  six  samples  in  the  second  group 
were  cheap  oils. 

Comparing  samples  Nos.  14,  15  and  16,  lard  oils  of  first,  second 
and  third  quality  from  the  same  maker,  it  appears  that  here  also 
the  viscosity  figure  decreases  with  the  quality  of  the  oil,  though  the 
differences  are  too  small  to  be  of  much  significance. 

Comparing  olive  oils  with  other  oils,  the  only  one  of  the  latter 
examined  by  us  which  equals  olive  in  its  viscosity  f^re,  is  almond 
oil  with  a  figure  of  167.8.  Next  below  comes  sesame  with  a  figure 
of  139.2.  Blasdale^  has  already  stated  that  almond  equals, 
and  sesame  approaches,  olive  oil  in  this  respect.  We  have,  how- 
ever, been  unable  to  confirm  his  statement  that  rape  oil  gives  a 
soap  solution  of  as  high  viscosity  as  that  of  olive  oil.  The  high 
result  obtained  by  Blasdale  may  be  due  to  the  fact  that  he  used  a 
fixed  amount,  instead  of  a  fixed  excess,  of  alkali  for  saponification. 
This  procedure  would,  of  course,  leave  a  larger  amount  of  un- 
combined  alkali  in  the  case  of  rape  than  with  the  other  oils,  and 
this  larger  excess  of  alkali  would  increase  the  viscosity  of  the  soap 
solution.  We  have  not  examined  mustard-seed  oil,  which  accord- 
ing to  Blasdale  3rields  a  soap  solution  of  very  high  viscosity. 

All  of  the  samples  examined  by  us,  other  than  olive,  almond  and 
sesame  oil,  showed  viscosity  figures  between  122  and  135.  It 
seems  remarkable  that  this  figure  should  show  such  slight  varia- 
tions between  oils  differing  so  markedly  in  other  properties  as, 
for  example,  lard,  linseed  and  castor  oils. 

Prom  the  results  obtained  with  castor  and  with  blown  rape-seed 
oils,  it  is  evident  that  the  viscosity  of  the  soap  solution  is  inde- 
pendent of  the  viscosity  of  the  oil  itself. 

Our  results  fully  confirm  the  conclusion  reached  by  Blasdale 
that  the  adulteration  of  olive  oil  with  any  other  oil  likely  to  be 
used  for  the  purpose  would  result  in  a  lowering  of  the  viscosity 
figure.  The  following  experiments  were  designed  to  determine 
whether  the  viscosit>'  figure  actually  found  in  such  a  mixture 
would  agree  with  that  calculated  from  the  constituents.  Soap 
solutions  of  lard,  cottonseed,  and  peanut  oils  were  mixed  in  differ- 
ent proportions  with  those  of  olive  oil  and  the  viscosities  deter- 
mined with  the  following  results : 

1  This  Joamal,  17,  940. 
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MirrnRBS  op  Soap  Solutions  op  Olivb  and  Other  Oils. 

Viscosity  figure. 

Nature  of  soap  solution.  Pound.        Calculated. 

Olive  oil 168.4  .... 

Lardoil 128.1  .... 

Vi  olive,  Vi  l«rcl  oil 158.6  158.4 

Vs  olive,  Vs  lard  oil 147.6  148.2 

V4  olive,  V4  lard  oil 137.8  138.2 

Peanut  (arachis)  oil 136.6  .... 

'/i  olive,  V4  Peanut  oil 143.6  158.0 

V,  olive,  Vt  peanut  oil 134.2  147.5 

V4  olive,  V4  peanut  oil 129.0  137.  i 

Cottonseed  oil •••     127.9  "-' 

Vm  olive.  Vis  cottonseed  oil 152.0  164.4 

*/«  olive,  V4  cottonseed  oil 142.6  158.3 

Vt  olive,  Vt  cottonseed  oil 132.1  148.2 

From  this  table  it  appears  that  mixtures  of  olive  and  lard  oils 
give  practically  the  calculated  results,  while  the  viscosities  of 
mixtures  of  olive  with  cottonseed  or  peanut  oils  are  lower  than 
would  be  calculated  from  the  viscosities  and  proportions  of  the  oils 
in  the  mixture.  Hence  the  adulteration  of  olive  with  cottonseed 
or  peanut  oil  produces  a  greater  change  in  the  viscosity  figure  than 
that  which  would  have  been  predicted. 

A  somewhat  similar,  but  more  striking  result  was  obtained  from 
the  examination  of  mixtures  of  soap  solutions  of  pure  fatty 
acids.  Such  mixtures  also  give  viscosities  lower  than  would  be 
calculated.  Three  grams  of  lauric  acid,  treated  in  the  same  man- 
ner as  described  for  fatty  oils,  gave  a  viscosity  figure  of  126.6, 
oleic  acid  gave  a  figure  of  239.7,  while  stearic  acid  yielded  a  soap 
solution  too  viscous  to  be  tested  at  ordinary  temperatures.  Yet 
large  proportions  of  the  oleate  or  stearate  solution  could  be  added 
to  the  laurate  solution  without  appreciably  increasing  its  viscosity. 

INFLUENCE  OF  ATMOSPHERIC  OXID.\TION. 

In  view  of  the  fact  that  even  the  so-called  non-drying  oils  may 
undergo  sufficient  oxidation  from  simple  exposure  to  air  to  afiFect 
seriously  the  "constants"  usually  determined  in  oil  analysis,*  it  is 
of  some  importance  to  determine  the  effect  of  such  oxidation  upon 
the  viscosity  figure.  Speaking  generally,  it  appears  that  the 
effect  of  sufficiently  prolonged  exposure  is  to  cause  olive  and 
abnond  oils  to  lose  their  characteristic  high  viscosity  figures  while 
those  oils  whose  figures  are  lower  are  but  little  affected.  A  sample 
of  olive  oil  exposed  in  an  uncorked  bottle  for  several  months 

1  This  Joariul,  s  ,  711. 


982  ALBERT  B.  LEACH. 

showed  a  loss  of  7  units  in  the  Htibl  figure  and  of  25  units  in  the 
viscosity  figure.  An  almond  oil,  similarly  exposed  for  a  longer 
time,  decreased  from  98.1  to  84.6  in  the  Htibl  figure  and  from 
167.8  to  123.8  in  the  viscosity  figure.  On  the  other  hand,  a  sam- 
ple of  lard  oil  exposed  until  the  Hiibl  figure  fell  from  73.3  to  66.7 
showed  no  appreciable  change  in  the  viscosity  figure ;  and  in  sev- 
eral samples  of  cottonseed,  maize  and  linseed  oils,  in  which  atmos- 
pheric oxidation  had  caused  losses  of  10  to  40  units  in  the  Hiibl 
figures,  the  decrease  in  the  viscosity  figure  was  in  no  case  greater 
than  4  units. 

SUMMARY. 

Olive  and  almond  oils  yield  soap  solutions  of  considerably 
greater  viscosity  than  those  obtained  from  the  other  more  common 
fatty  oils. 

This  "viscosity  figure"  is  apparently  higher  in  the  better  than 
in  the  poorer  grades  of  olive  oil. 

The  lowering  of  the  viscosity  figure  by  admixture  of  other  oils 
furnishes  an  additional  method  for  the  detection  of  adulteration 
in  olive  and  almond  oils.  As  suggested  by  Blasdale,  it  will  be 
especially  useful  for  the  detection  of  lard  oil  for  which  we  have 
no  specific  test.  The  characteristic  high  viscosity  figure  of  olive 
or  of  almond  oil  may  be  largely  lost  on  sufficiently  long  exposure 
of  the  oil  to  air  at  ordinary  temperature. 

While  the  reason  for  the  high  figures  shown  by  olive  and  almond 
oils  cannot  be  stated,  it  appears  probable  that  the  explanation  is 
to  be  found  in  the  quantitative  relations  of  the  fatty  acids  present, 
rather  than  in  the  presence  of  any  peculiar  constituent,  and  that 
interesting  results  might  be  obtained  from  a  study  of  the  viscosities 
of  the  soap  solutions  of  pure  fatty  acids  and  their  mixtures. 
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The  importance  of  a  ready  method  for  the  determination  of  so 
common  an  adulterant  as  commercial  glucose  is  obvious.    Several 
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of  the  States  have  in  their  food  laws  a  provision  requiring  that  so 
called  "cwnpound"  foods  (such  as  molasses  containing  commercial 
glucose),  to  be  legally  sold,  must  have  formulas  setting  forth  the 
names  and  percentages  of  their  ingredients.  In  such  cases  it  be- 
comes virtually  a  necessity  for  the  analyst  to  be  able  to  verify, 
within  certain  limits,  such  formulas  and  thus  guard  against 
fraudulent  and  misleading  statements  thereon. 

Unfortunately,  from  the  variability  in  composition  of  commer- 
cial glucose,  there  can  obviously  be  no  accurate  method  for  its 
determination,  especially  in  complex,  saccharine  products  in  which 
one  is  likely  to  find  it,  and  which  themselves  contain  components 
common  to  glucose. 

In  enforcing  the  food  laws  conservatively,  a  formula  on  a  pack- 
age expressing  the  name  and  percentage  of  ingredients  in  the  food 
contained  therein  is  not  condemned,  because  it  differs  by  a  few  per 
cent,  only  from  the  analyst's  findings,  nor  should  the  presence  of 
a  mere  trace  of  an  adulterant,  which  may  be  accidental,  serve  as  a 
basis  for  a  complaint  in  court.  It  is  only  when  substantial  devia- 
tions from  a  manufacturer's  formula  are  found,  or  the  presence 
of  enough  of  the  adulterant  is  evident  to  make  it  an  object  for 
fraudulent  use,  that  the  analyst  should  condemn  it.  In  cases  like 
these,  an  approximate  method  qiust  be  used,  but  preferably  one, 
the  adaptability  of  which  to  the  purpose  in  hand  has  been  well 
tested  by  long  trial. 

In  molasses,  syrups,  honey,  and  similar  preparation  wherein 
commercial  glucose  is  present  as  an  adulterant,  it  has  been  the 
practice  of  the  writer  for  upwards  of  ten  years  in  the  prosecution 
of  such  cases  under  the  food  laws  of  Massachusetts  to  calculate 
the  approximate  amount  of  commercial  glucose  present  by  assum- 
ing 175  as  the  direct  polarization  of  a  normal  weight  of  the  glu- 
cose, 26.048  grams,  made  up  to  100  cc.  and  polarized  in  a  200  mm. 
tube.  From  this  was  naturally  developed  the  formula  which  was 
long  afterwards  included  by  the  writer  in  the  methods  outlined 
by  him  as  an  associate  referee  for  the  analysis  of  saccharine  pro- 
ducts, and  later  incorporated  in  the  provisional  food  methods  of 
the  Association  of  Official  Agp-icultural  Chemists,*  as  follows : 
^       (g~S)  100 

^=        175       ' 
where   G  =  per   cent,   of   commercial  •  glucose   in   the   sample, 

>  BoTMn  of  Chemistry,  BuUetia  6«,  p.  48. 
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a  =  direct  polarization  of  sample,  and  S  =  per  cent,  of  cane-sugar 
as  calculated  from  direct  and  invert  polarization  according  to 
Clerget.  This  method  and  formula  have  been  severely  criticised 
by  Mr.  Edward  Gudeman/  who  regards  the  use  of  a  single  as- 
sumed factor  as  unwarranted,  and  one  object  of  the  present  paper 
is  to  reply  to  his  criticism  and  to  show  how  satisfactorily  the 
method  has  proved  in  practice.  The  formula  applies  more  par- 
ticularly to  molasses  and  maple-syrup,  as  stated  in  the  provisional 
methods.  For  honey,  the  same  factor,  175,  is  used,  but  more 
accurate  results  are  obtainable  by  dividing  the  polarization  of  the 
sample  at  87"^  by  this  factor. 

When  asked  in  court,  as  one  is  sure  to  be  in  a  contested  case, 
the  amount  of  commercial  glucose  in  the  sample,  it  is  convenient 
to  reply  that  at  least  such  and  such  an  amount  must  necessarily  be 
present.  By  assuming  in  the  above  formula  the  highest  figure 
that  is  apt  to  be  found  as  the  direct  polarization  of  ccmimercial 
glucose  (175),  it  is  obvious  that  the  resulting  value  for  S  is  the 
lowest  or  minimum  one,  thus  giving  the  benefit  of  any  doubt  to  the 
defendant.  In  other  words,  it  is  perfectly  safe  to  allege  that 
amount  of  glucose. 

Realizing  the  uncertain  composition  of  commercial  glucose  due 
to  variations  in  amount  of  dextrose,  maltose,  dextrine  and  water 
present  therein,  the  above  method  of  calculation  was  long  regarded 
by  the  writer  as  of  doubtful  value  on  theoretical  grounds,  and  was 
not  published  for  several  years  after  being  use4  Continued 
opportunities  were  furnished,  however,  for  comparison  of  the 
results  thus  calculated  with  actual  conditions  prevailing,  such  for 
example  as  occasional  recipes  furnished  by  defendants  in  court 
showing  how  the  products  were  mixed,  and  one  could  hardly  fail 
to  be  impressed  by  the  striking  and  almost  invariable  similarity 
in  results.  Longer  experience  produced  greater  confidence,  and 
it  was  thought  best  to  examine  a  number  of  samples  of  commercial 
glucose  obtained  in  a  variety  of  ways  from  confectioners,  mixers  of 
compound  honey  and  molasses,  and  jelly  and  jam  manufacturers, 
with  a  view  to  ascertain  the  grades  actually  used  by  them  and 
hence  best  suited  for  iheir  purpose.  It  was  found  that  considerable 
uniformity  prevailed  in  the  character  of  the  glucose  employed  for 
different  uses,  especially  as  regards  polarization.     Thus  seven 

1  Proceedings  of  19th  Annual  Convention  of  the  Association  of  Official  Agricnltural 
Chemists,  Bur.  of  Chet^.,  Bull.  73,  p.  65. 
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samples,  obtained  in  1893,  1898  and  1901  from  as  many  different 
manufacturers  of  compound  molasses  and  honey  or  from  dealers 
supplying  them,  polarized  as  follows:*  I73**>  171  °>  176**,  I75**t 
178**,  168**  and  177*",  the  average  being  174**.  The  writer's  ex- 
perience is  not  in  accord  with  Mr.  Gudeman's,  who  states  that  he 
has  never  known  the  manufacturer  of  glucose  to  furnish  3pecial 
or  uniform  grades  for  special  purposes.  In  this  connection  the 
following  is  in  point  from  the  letter  of  a  kind  friend  who  ob- 
tained, through  a  broker,  samples  of  glucose  for  analysis  and 
who  quotes  from  the  broker's  letter:  "I  am  sending  you 
two  samples  of  glucose  from  the  factory  with  the  following 
advice:  43^  Be.  is  the  grade  used  for  syrup  and  honey,  the 
XXXXX  is  the  grade  used  for  chewing-gum/'  The  latter  grade 
was  found  to  polarize  at  184.6^. 

Another  letter  from  a  molasses  mixer,  who  labels  his  product 
correctly  under  the  law,  runs  as  follows:  **Only  one  kind  of  glu- 
cose is  used  in  this  kind  of  mixture,  a  sample  of  which  we  send 
you,  called  in  the  trade  mixing  or  "M"  glucose ;  the  gravity  we 
believe  is  somewhere  about  42**  Be." 

The  molasses  mixer  naturally  prefers  the  grade  of  glucose 
which,  by  its  consistency,  is  best  adapted  without  further  treatment 
for  mixture  with  his  product.  If  it  is  too  heavy  in  body,  it  must 
first  be  watered,  and  again  if  too  thin  it  is  equally  unfit  for  direct 
use.  Commercial  glucose  of  42**  Be.  in  density  is  admirably  suited 
to  his  purpose,  and  this  is  the  grade  that  more  often  polarizes 
from  170**  to  17s®.  A  number  of  samples  obtained  from  confec- 
tioners and  makers  of  compound  jellies  and  jams  were  found  to 
polarize  from  150®  to  157**. 

Out  of  eleven  samples  of  commercial  glucose  used  for  a  variety 
of  purposes  .in  food  and  obtained  from  manufacturers  of  these 
foods,  but  one  sample  was  found  to  polarize  above  178**  (the 
"XXXXX"'  brand  above  referred  to),  and  none  below  150°. 
Doubtless  wider  variations  may  possibly  occur  in  commercial 
glucose  of  different  densities  as  found  on  the  market,  but  the  point 
made  here  is  that  only  such  grades  as  are  adapted  for  the  particu- 

1  Figures  being  expressed  in  terms  of  36.048  grams  glucose  made  up  to  too  cc.  with 
water  aiid  polarised  in  a  aoo  mm.  tube  on  the  cane-sugar  scale  of  the  S.  &  H.  instrument. 
It  should  be  noted  that  in  polarizing  glucose,  or  molasses  and  s>-ruDs  adulterated  there- 
with, a  100  mm.  tube  should  be  used  and  the  necessary  correction  applied,  in  order  to  bring 
the  high  reading*  within  the  limits  of  the  scale.  For  exact  data  as  to  clarification  of  sam- 
ple and  other  precantions,  the  reader  is  referred  to  Bull.  65.  Bureau  of  Chemistry,  p.  47. 
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lar  purpose  in  hand  are  used  by  the  food  manufacturer,  and  these 
come  within  certain  particular  limits. 

Mr.  Gudeman's  deductions  regarding  the  composition  and  varia- 
tions of  glucose  show  his  familiarity  with  its  manufacture,  but  he 
makes  no  mention  of  the  effect  of  maltose  as  one  of  the  important 
reducing  sugars  present,  though  he  apparently  makes  allowance 
for  it  in  a  process  which  he  suggests  as  an  alternative  to  the  pro- 
visional method.  In  this  process  he  estimates  the  reducing  sugars 
before  and  after  inversion,  and  again  after  hydrolyzing  with  malt 
extract,  calculating  by  difference  the  dextrose  resulting  from  the 
hydrolysis  of  the  non-reducing  substances.  In  making  the  latter 
calculation,  he  assumes  a  factor  which  can  be  true  only  of  a  fixed 
proportion  of  maltose  to  dextrine,  a  condition  which  cannot,  of 
course,  be  depended  on.  Another  source  of  error  in  Gudeman's 
method  lies  in  the  fact  that  his  results  are  expressed  in  percentage 
of  dry  substance,  leaving  one  in  the  dark  as  to  the  actual  amount 
of  glucose  present  as  an  adulterant,  unless  one  assumes  also  a 
definite  percentage  of  water  in  the  glucose.  A  determination  of 
dry  grape-sugar  or  dextrose  in  molasses  or  honey  is  of  no  im- 
portance whatever  to  the  enforcer  of  the  food  law. 

Mr.  Gudeman  seeks  to  prove  the  unreliability  of  the  provisional 
method  by  applying  it  to  various  hypothetical  mixtures  of  grape-, 
cane-  and  invert-sugar,  for  which  the  method  never  was  intended 
and  could  not,  under  any  possible  conditions,  be  used.  The  pro- 
visional method  applies  solely  to  molasses  and  syrups  as  found 
on  the  market,  and  to  the  c6mmercial  glucose  used  as  an  adulter- 
ant. No  ambiguity  need  attend  the  use  of  the  term  commercial 
glucose  in  this  country.  The  product  has  too  important  a  place  in 
trade  not  to  be  a  pretty  well  understood  article.  By  it  is  not  meant 
a  mere  haphazard  mixture  of  dextrose,  maltose  and  dextrine,  but 
a  well-defined  series  of  graded  products  of  varying  density,  de- 
pending on  the  degree  of  conversion,  but  which,  as  the  result  of 
long  experience  in  manufacture,  are  fairly  uniform,  so  that  the 
product  of  a  given  grade  or  density  has  a  polarization  varying 
between  narrow  limits.  While  the  confectioner  from  his  multi- 
plicity of  products  can  use  various  grades,  the  honey  and  molasses 
mixer  is  limited  to  the  use  of  a  special  grade  best  suited  to  his  use. 

In  carrying  out  the  provisional  method,  commercial  glucose  is 
considered  as  just  as  much  of  an  entity  as  milk,  for  example.  To 
cite  a  parallel  case,  it  has  long  been  a  successful  practice  for  the 
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food  analyst  to  approximately  calculate  the  amount  of  added  water 
in  milk  by  using  an  assumed  constant  for  a  factor,  as  for  instance, 
the  per  cent,  of  solids  not  fat  or  total  solids,  in  spite  of  the  well- 
known  wide  variation  in  the  normal  constituents  in  milk.  It  is 
equally  Intimate  to  adopt  a  constant  for  calculation  of  commer- 
cial glucoee,  based  on  such  a  uniform  factor  as  the  polarization 
seems  to  be  in  such  cases. 

Not  the  least  of  the  advantages  of  the  method  is  its  simplicity, 
requiring  only  a  direct  and  invert  reading  of  the  sample,  which 
must  be  done  in  any  event  before  deciding  on  the  presence  of  com- 
mercial glucose.  The  method  has  never  been  claimed  to  be  exact, 
but  continued  experience  shows  it  to  yield  results  much  nearer 
the  truth  than  was  at  first  supposed  possible. 

Molasses,  table  syrup,  and  honey,  put  up  in  packages  having 
incorrect  formulas  thereon,  are  included  in  the  lists  of  adulterated 
brands,  which,  under  the  law,  the  Massachusetts  Board  of  Health 
is  obliged  to  publish  monthly.  The  calculation  of  glucose  in  these 
cases  is  always  based  on  the  use  of  175  as  a  factor,  and  experience 
has  shown  that  manufacturers  who  doubt  the  findings  of  tke 
Board  are  not  slow  to  challenge  its  results. 

Finally,  the  method  has  never  been  discredited,  after  long  usage 
in  the  Massachusetts  courts,  where,  of  all  places,  in  closely  con- 
tested cases  it  is  naturally  subject  to  any  criticism  that  may  reason- 
ably be  brought  against  it. 


PURIFICATION  AND  ESTIHATION  OF  IODINE.' 

Bt  Abraham  Gross. 

Received  July  7, 1903. 

In  view  of  the  importance  of  iodine  in  the  arts  and  of  the  appar- 
ent difficulty  in  obtaining  it  absolutely  pure,  a  discussion  of  this 
subject  does  npt  appear  untimely  and  may  prove  of  some  value. 
Very  few  methods  have  been  published  in  the  direction  of  iodine 
purification  and  but  one  finds  favorable  mention.  This  is  the 
method  used  by  Stas  in  his  researches  on  the  atomic  weight  of 
iodine,  and  consists  in  dissolving  iodine  in  a  solution  of  potassium 
iodide,  precipitating  the  iodine  with  water,  drying  over  calcium 
nitrate,  and  subliming  the  dried  mass.     This  method  is  criticized 

1  Read  before  the  PitUburf  Section,  June  18.  1903. 
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by  Lean  and  Whatmough,^  who  state  that  pure  iodine  can  be  ob- 
tained by  heating  cuprous  iodide  in  dried  air  at  240^  C.  when  the 
iodine  is  liberated. 

Other  investigations  on  this  subject  have  been  made  by  C. 
Meineke^  and  Z.  Musset.'  With  a  desire  to  obtain  a  reliable  method 
for  purifying  iodine  it  was  considered  advisable  to  test  the  effi- 
cacy of  the  Stas  method,  and  to  compare  the  purity  of  the  iodine 
thus  produced  with  that  obtained  by  other  methods  which  sug- 
gested themselves  at  the  time. 

Accordingly,  the  following  methods  were  tried :  ( i )  The  Stas 
method;  (2)  washing  iodine  with  water,  drying  a  portion  over 
sulphuric  acid,  another  portion  over  calcium  nitrate  and  a  third 
portion  over  calcium  chloride;  (3)  mixing  iodine  with  potassium 
iodide  and  drying  over  sulphuric  acid. 

Each  of  the  above  was  then  sublimed  three  times  after  drying. 

The  first  method  was  carried  out  according  to  the  directions  of 
Stas,  who  states  that  to  dissolve  four  kilos  of  iodine  a  solution  of 
I  kilogram  of  potassium  iodide  in  i  kilogram  of  water  was  re- 
quired. These  proportions  were  found  inadequate,  for,  after  stand- 
ing some  time  with  frequent  shaking,  a  considerable  portion  of  the 
iodine  remained  undissolved. 

Several  additions  of  potassium  iodide  and  water  were  made, 
until  complete  solution  was  effected.  This  was  accomplished  when 
the  proportions  were  4  of  iodine  to  2  of  potassium  iodide  and  2  of 
water. 

The  solution  of  iodine  was  then  poured  into  water  and  allowed 
to  stand  until  all  of  the  iodine  was  precipitated.  The  supernatant 
fluid  was  poured  off  and  the  iodine  washed  with  water  until  free 
from  potassium  iodide.  It  was  then  brought  upon  a  filter,  with 
sand  as  a  filtering  medium,  and  the  water  withdrawn  by  suction. 
The  iodine  was  then  transferred  to  a  shallow  dish  and  dried  over 
calcium  nitrate,  which  was  replaced  as  soon  as  affected  by  the 
moisture.  The  drying  continued  twelve  days.  The  dried  sample 
was  then  sublimed  three  times  by  a  process  which  will  be  described 
later. 

In  the  next  three  methods,  the  iodine  was  washed  with  water 
fifteen  times,  and,  after  as  much  water  as  possible  had  been  with- 
drawn by  suction,  was  divided  into  three  portions  and  dried,  as 

>  y.  OUm.  Soc.  (IfOndon),  1899. 

I  Ckem.  Ztg.^  16.  iai9. 

*  Ztschr,  anal.  Ckem.^  1891,  p.  45. 
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previously  mentioned,  over  sulphuric  acid,  calcium  nitrate  and 
calciiun  diloride  respectively. 

In  conducting  this  experiment,  two  other  points  were  in  view : 
(i)  To  determine  the  best  drying  agent ;  (2)  to  ascertain  whether 
any  chlorine  would.be  set  free  and  absorbed  by  the  iodine  when 
the  sample  was  dried  over  calcium  chloride. 

It  may  be  mentioned  here  that  the  calcium  nitrate  and  sulphuric 
add  were  equally  efficient  as  drying  agents,  but  the  inconvenience 
of  constantly  changing  the  calcium  nitrate  rendered  it  less  desir- 
able.   Each  of  these  samples  was  then  sublimed  three  times. 

The  fifth  sample  was  prepared  by  mixing  iodine  with  pure  po- 
tassium i«dide,  drying  over  sulphuric  acid  and  subliming  three 
times.  The  iodine  obtained  by  this  method  was  discarded,  as  a 
white  residue  remained  after  each  sublimation.  Apparently  the 
potassium  iodide  was  carried  over  with  the  iodine  vapor. 

PROCESS  OP  SUBLIMATION. 

The  iodine  prepared  by  the  methods  previously  described  was 
placed  in  a  piece  of  combustion  tubing  slightly  inclined  and  resting 
on  a  support.  Following  the  iodine  was  a  plug  of  ignited  asbestos 
to  prevent  the  heated  iodine  from  running  down  the  tube.  The 
lower  end  of  the  tube  was  connected  to  two  tubes  containing  phos- 
phoric anhydride  and  one  containing  calcium  chloride.  In  this 
manner  the  air  drawn  through  was  perfectly  dry.  The  upper  end 
was  covered  by  a  bottle  fitted  to  a  rubber  stopper  tocatch  any  vapor 
not  previously  condensed. 

Through  the  stopper  passed  a  glass  tube  which  connected  with  an 
empty  jar  as  a  precautionary  measure  and  in  turn  with  a  cylinder 
containing  water  and  with  the  suction-pump.  The  suction  was  reg- 
ulated by  the  bubbles  produced  in  the  cylinder.  To  prevent  any 
accident  from  too  sudden  heating,  a  piece  of  iron  pipe  was  placed 
over  that  part  of  the  tube  containing  the  asbestos  and  iodine  and 
extending  beyond  for  about  4  inches.  This  was  protected  from 
the  glass  by  asbestos.  A  gentle  heat  was  used  and  enough  suction 
applied  to  condense  the  vapor  sufficiently  far  away  from  the  pipe 
to  prevent  any  liquefaction  of  the  sublimed  crystals. 

The  succeeding  two  sublimations  were  conducted  in  precisely 
the  same  manner. 

The  following  method  proved  itself  highly  satisfactory  in  the 
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determination  of  the  purity  of  iodine.  About  2  grams  of  the 
iodine  were  placed  in  a  flask,  40  cc.  of  water,  and  about  4  grams 
of  shot-zinc  added.  The  flask  was  then  shaken  and  allowed  to 
stand  with  stopper  inserted  until  the  fluid  was  colorless.  When  all 
the  iodine  was  taken  up  by  the  zinc,  the  solution  was  filtered  into 
a  half-liter  flask,  the  residue  and  zinc  hydroxide  washed  with  hot 
water  until  free  from  iodine  and  the  fluid  made  up  to  500  cc. 
Fifty  cc.  of  the  solution  were  placed  in  a  porcelain  dish  and  titrated 
with  silver  nitrate,  with  potassium  chromate  as  an  indicator,  until 
the  end  point,  a  slight  brownish  color,  was  reached.  , 

The  following  results  were  obtained:  Stas  method — mean  of 
five  determinations  gave  100.02  per  cent. ;  second  method — ^mean 
of  five  determinations  gave  99.65  per  cent.  A  sample  of  unpuri- 
fied  iodine  gave,  by  this  method,  98.83  per  cent. 

The  iodine  dried  over  the  calcium  chloride  was  tested  for  chlo- 
rine according  to  Fresenius,^  but  none  was  found. 

For  comparison,  a  sample  of  unpurified  iodine  was  tested  by 
the  same  method  and  the  presence  of  the  chlorine  was  indicated. 

The  following  summary  may  be  deduced  frcwn  the  foregoing 
research:  (i)  The  Stas  method  gave  the  purest  iodine;  (2)  sul- 
phuric acid  was  the  best  drying  agent;  (3)  the  iodine  was  not 
contaminated  when  dried  over  calcium  chloride;  (4)  the  iodine, 
when  pure,  was  satisfactorily  determined  when  converted  into 
zinc  iodide  and  titrated  with  silver  nitrate,  with  potassium 
chromate  as  an  indicator. 


A  COLORIMETRIC  HETHOD  FOR  THE  DETERniNATION  OF 
SriALL  QUANTITIES  OF  POTASSIUM. 

By  Lucian  a.  Hill. 

Received  July  ii.  1903. 

This  method  is  primarily  intended  for  use  in  the  analysis  of 
soil  extracts  and  drainage  waters  where  the  potassium  is  in  such 
small  quantities  that  it  is  impracticable  to  use  a  gravimetric 
method.  It  has  been  used  in  this  laboratory  on  a  number  of  soil 
extracts,  and  has  given  very  satisfactory  results. 

^  '*  QoftliUtive  Analysis." 
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The  method  depends  upon  the  precipitation  of  the  potassium  in 
the  usual  way  with  chlorplatinic  acid,  and  the  subsequent  reduc- 
tion of  the  potassitun  chlorplatinate  with  stannous  chloride  in 
the  presenceof  free  nydrochloric  acid.  The  precipitate  of  potassium 
chlorplatinate  in  very  dilute  solution  is,  of  course,  ver  small, 
consisting  of  a  few  minute  crystals.  A  distinct  color  is  imparted 
to  the  solution  on  adding  the  stannous  chloride  solution,  however, 
even  though  the  original  solution  contained  not  more  than  one 
part  of  potassium  oxide  per  million. 

SOLUTIONS  REQUIRED. 

Standard  Potassium  Chlorplathiaie. — 0.518  gram  of  potas- 
sium chlorplatinate  is  dissolved  in  water  and  the  solution  made 
up  to  100  cc.  For  use,  i  cc.  of  this  solution  is  diluted  to  100  cc. 
One  cc.  of  the  diluted  solution  is  equivalent  to  0.0000 1  gram  potas- 
sium oxide. 

•  Stannous  Chloride, — Boil  75  grams  of  powdered  or  granulated 
tin  with  400  cc.  of  concentrated  hydrochloric  acid  in  an  Erlen- 
meyer  flask  until  nearly  all  of  the  tin  is  dissolved.  Keep  in  a  tightly 
stoppered  bottle  over  a  small  piece  of  tin. 

Analytical  Process. — The  analytical  process,  up  to  the  point  of 
adding  the  stannous  chloride,  is  essentially  the  same  as  that  used 
in  ordinary  analysis. 

To  50  cc.  of  the  solution  to  be  tested  add  i  cc.  of  dilute  sulphuric 
acid,  evaporate  to  dryness,  and  ignite  to  whiteness.  Dissolve  the 
residue  in  hot  water,  acidified  with  a  few  drops  of  hydrochloric 
acid,  and  add  an  excess  of  chlorplatinic  acid.  The  solution  is  then 
evaporated  to  a  thick  paste  in  a  small  dish  and  80  per  cent,  alcohol 
added.  Wash  the  precipitate  thoroughly  with  80  per  cent,  alcohol, 
then  dissolve  in  boiling  water,  cool,  and  make  up  to  a  definite 
volume  ( 100  or  200  cc.) . 

Transfer  50  cc.  of  this  solution  to  a  «olor-comparison  cylinder 
and  add  3  cc.  of  the  stannous  chloride  solution.  A  yellow  color  is 
produced,  the  intensity  of  which  is  proportional  to  the  amount  of 
potassium  chlorplatinate  present.  This  color  is  exactly  matched 
by  introducing  into  other  cylinders  quantities  of  the  standard 
potassium  chlorplatinate  solution  and  3  cc.  of  the  stannous 
chloride  solution,  as  before.  Below  are  given  results  obtained  bv 
this  method : 
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Anonnt  KfO  added.  Amount  KfO  recovered. 

Parts  per  million .  Parts  per  million. 

I T.O  0.92 

2 I.O  0.8 

3 1.0  I.O 

4 I.O  1.2 

5 2.0  1.9 

6 2.0  2.1 

7 2.0  2.0 

8 2x>  2.0 

9 3.0  3.2 

10 3.0  3.2 

II 3.0  2.8 

12 3.0  2.8 

13 4.0  4.4 

14 4.0  4.0 

15 4.0  4.0 

16 4.0  4.4 

17 5.0  5.0 

18 5.0  5.0 

19 5.0  4.9 

20 lo.o  II.6 

21 lo.o  IT.2 

Nbw  Hampshzrb  Collboic, 

AomcuLTURAz,  BzpBRXMBzrr  Station. 


THE  DELICACY  OP  TESTS  EHPLOYEDPORTHE  DETECTION 

OF  rtETALS. 

By  Plorbncb  jACKaoir. 

Ree«lT«d  Jaaesi.  1903. 

The  work  in  the  following  paper  was  undertaken  for  the  pur- 
pose of  determining  the  ccxnparative  delicacy  of  the  tests  employed 
in  the  ordinary  methods  used  in  qualitative  analysis  in  detecting 
metals.  To  this  end,  solutions  of  salts  were  made  of  such  strength 
that  I  cc.  of  the  solution  contained  5  mg.  of  the  element  under 
consideration  or  i  part  in  200.  The  weaker  solutions  were  made 
from  the  standard  by  diluting  with  distilled  water.  When  (as  in  the 
case  of  silver  chloride)  ammonia  present  in  the  water  might  exert 
a  solvent  influence,  water  free  from  ammonia  was  used.  The  re- 
agents used  were  of  thestrength  employed  in  the  Wellesley  College 
Chemical  Laboratory  (see  table  at  the  end),  and  were  added  drop 
by  drop  to  i  cc.  of  the  solution  under  consideration. 

The  experiments  were  carried  through  twice,  new  standard  sola- 
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tions  beinfif  used  the  second  time  and,  in  cases  of  discrepancy, 
further  tests  were  made. 

The  figures  under  the  "final  tests"  were  chosen  as  the  probable 
limit  of  detection,  if  the  element  was  not  known  to  be  present. 
They  do  not,  therefore,  usually  represent  the  extreme  limit  indi- 
cated under  the  experimental  conditions  of  this  paper.  This  may 
account  for  the  discrepancy  between  my  figures  and  those  given 
by  other  authorities. 

Final  Tests.    Suicmary  by  Rbagbnts. 
(A)    Ha. 


(«)    Sp.  gr.  1.035 
Ag       1:64,000 


Comey.    Mulder. 
Halting. 
Lassaigne. 
Pfaff. 

Hg'      1 :  16,000    X  :    327,000.    Preaenius. 
Pb        1  :     500    I  :        1,077.    Wormlcy. 
(d)    Sp.  gr.  I.I        As  above  except 
Hgi      I  :  8,000 
{£)    NaCl. 

Ag        I  132,000 
Hg>       I  :  15,000 
Pb        I  :    1,000 
(O    H^. 

As"       I  :  1,024,000    I  :  13,200.    Wormley. 
Sb         I  :     512,000    I  :  24,000.     Wormley. 
Bi.Ag.Sii"       I  :      64,000 
Aa.VHg.'  Sn'v     i :       32,000    As      i  :  1530.    Wormley. 

iPb       I  :  1,000,000.    Prescott  and  Sullivan. 
I  :      26,900.    Wormley. 
{Hg"  I  :       46,000.    Green  coloration  (  Las- 
I  :      23,000.    Brown        *'         (saigne. 
I  :        6,770.    Wormley. 
fCn       I  :     100,000.     Prescott  and  Sullivan. 
I  :       12,500.    Wormley. 

Mn  I  164,000 

Mg  I  :  32,000 

Co.Fc."'  Pb  I  :  16,000 

Al.Bi.Cu.Fe."Hg.'"Sn."Zn  1:8,000    Hg"    1:13,500.    Wormley. 

J'  =^» 
(1  :  12,500.    Wormley. 

Zn    I  :  12,500.    Wormley. 

Cd.Cr.Ni.Sn»v      i  :  4,000 

Sb         I  :  1,000    I  :  1,200.    Wormley. 

Ag.CNHfOH  I  :  10)        i  :    500 


{D)    NH.OH. 


pi..  20,000.    Prescott  and  Sullivan. 
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(E)    NaOH. 

Mn 

I  :  !  28,000 

Fe"! 

I  :   32,000 

Al.Cu.Co.Hg.»  Ni 

I  :    16,000 

Cu      I  :  125,000.    Wormie: 

NH,Bi.Cr.Fe."Ag 

I  :     8,000 

Cd.Zn 

I  :     4,000 

Sn"-«v 

I  :     3,000 

Sb 

I  :     1,000 

I  :  1,200.    Wormley. 

Pb.Hg" 

I  :        500 

Hg"  I  :  677.    Wormley. 

{F)    K,CrO,. 

Ba     I  : 

256,000 

Pb     I  : 

32.ooo-['  •  "'•^^-    ^•^"«^" 
^  •       1 1  :  107,700.    Wonnlcy. 

Cu     I  : 

16,000   I  :    50,000.    Wormley. 

Ag     i: 

8,000 

Bi.Hg»     I  : 

4,000 

Cd     I  : 

1,000 

Hg"      I  : 

333 

Sr     I  : 

200 

(G)    KI. 

Ag      ] 

t  :  47.250.     Halting. 

Ag.Cu,Pb.Hg'     I  : 

8,000  <  Pb     ] 

[  :  21,540.    Wormley. 

Cu     ] 

[  :  12,500.    Wormley. 

Hg"      I  : 

2,000    !•:  3,380.    Wonnlcy. 

{H)    Na,HP04. 

Mg      i: 

128,000    (Addition  of  NH«C1  and  NH^OH. 

Ca     I  : 

16,000 

Ag.Sr     I  : 

8,000 

Ba     I  : 

4,000 

(/)     (NH,),S. 

Co     1 

:  :  512,000    I 

:  309,000.    Pfaff . 

Fe"i"       J 

[  :  128,000 

Ni      ] 

[  :    64,000 

Al.Cr.Mn.Zn      i 

:  :     8,000 

(/)     H,0. 

Sb      I  : 

2,000 

Bi      X  : 

4.000 

(K)    Na,CO,. 

Sr 

I  :   64,000 

Bi.Mn.Ag 

I  :   32,000 

Cu.Fc"!  HgJ  Ni 

I  :    16,000 

Cu     I  :  12,500.    Wormley. 

Al.Ba.Co.Fe."Zn 

I  :     8,000 

Zn      I  :  12,500.    Wormley. 

Cd.Ca.Cr.Pb.Mg 

I  :     4.000 

Pb     I  :  53.850.    Wormley. 

Hg" 

I  :        250 

(L)    H,SO,. 

Ba 

I  :  256,000    t 

:  79,300.    Harting. 

Pb 

I  :    16,000    I 

:  21,540.    Wormley. 

Sr 

I  :     8,000    I 

:  23,100-25,300.    Fresenius. 

Ca 

I  :     2,000 

Hg« 

I  :      i.ooo 
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(M)    SnCl,. 

Hg>       I  :    32,000 

Hg"       X  :    16,000    I  :  13.500.    Wonnley. 

{N)    KCN. 

Co     I  :    16,000 

Cu.Ni     I  :     2,000 

Cd     I  :     1,000 

{O)    K,Fc(CN).. 

Fe"«       I  :   64,000 

Fc."Pb       I  :    32,000    Pb      I  :    10,770.    Wonnley. 

-,  ,  ( I  :  100,000.    Prescott  and  Sullivan. 

Cu       1  :    16,000      -<  «T       1 

U  '.    3^250.    Wonnley. 

(/>)     (NH,),CO,. 

Sr  X  :  x6,ooo         r  :   95,200.    Comey. 

Ca.Co.Fe">  x  :     8,000    Ca  i  :  163,000.     Fresenius. 

Ba.Pe"  X  :     4,000    Ba  i  :  201,000.     Fresenius. 

Mg  I  :         200 

{Q)     (NHJ,CA. 

Ca  X  :  64,000 

Sr  I  :  32,000 

Ba  X  :     2,000 

{/^)    Case*. 

Ba  I  :    64,000 

Sr  I  :      x,ooo 
{S)    H^iF,. 

Ba  X  :     2,000 

K  X  :        200 

Na  I  :        X43 
(T)    HjPlCI,. 

NH,  X  :     2,000  * 

K  X  :        200 

Strength  op  Reagents  Employed. 

( N  H4)xCO, X75  grams  to  a  liter  -f  100  cc.  concentrated  NH4OH. 

NH«OH Dilute  1 :3and  i  :  xo. 

(NH4),C,04 40  grams  to  a  liter. 

(NH4),S Saturate  NH4OH  (0.96)  with  H,S. 

HCl Sp.gr.  1 .12  and  1.035. 

HJCOg*  •••••• Sp.gr.  1.2. 

H,S04  Dilutedi:5. 

H^ From  Kipp  generator.    Washed  in  H,0. 

HgClj 25  grams  to  a  liter. 

MgS04 50      **      ♦»  **    •• 

K,Cr04 50      "      ""    " 

KCN 50      ••      "  "    *• 

KCNS 5      **      "  **    ** 

K4Fe(Cn), 7^       "      '*  "    " 

KI   25      *•       •*  ••    •* 

Na^CO, 250      •*       •*  "    ••    Crystallized  salt. 

NaCl 50      •*       ••  "    " 

NaOH 150      *•      **  **    ** 

Na,HP04 50      *•       '*  **    *• 

SnCl, Sn  dissolved  in  HCl  -f  4  parts  of  H,0. 
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The  results  obtained  from  these  experiments  agree,  in  general, 
with  facts  already  known.  The  work  has  value  chiefly,  as  it 
seems  to  me,  in  the  collection  of  definite  data  for  future  investiga- 
tion rather  than  in  any  new  facts  brought  to  light  by  the  figures 
given. 

WBLLB8LBV  COLLEGE, 

June,  1903. 


A  LECTURE  EXPERIMENT  WITH  AN  UNDISSOCIATED 

SALT. 

By  D.  McIzttosh. 
Received  June  18. 1903. 

When  a  sulphocyanate  is  added  to  a  ferric  salt,  the  deep  red 
color  produced  is  thought,  for  a  number  of  reasons,  to  be  due  to 
the  undissociated  ferric  sulphocyanate.  These  may  be  briefly 
stated:  First,  neither  the  ferric  nor  the  sulphocyanate  ion  is 
colored;  second,  the  crystals  of  ferric  sulphocyanate,  which  can 
contain  no  ions,  are  similarly  colored;  third,  in  ether,  in  which 
salts  are  but  slightly  dissociated,  the  color  is  unchanged ;  fourth, 
an  excess  of  a  sulphocyanate  increases  the  color,  while  the  addi- 
tion of  sulphate  ions  weakens  it. 

If,  then,  ferric  sulphocyanate  were  placed  in  a  tube  between  two 
layers  of  a  colorless  liquid,  the  passage  of  a  current  should  not  in- 
crease the  rate  of  diffusion ;  if,  on  the  other  hand,  the  color  were 
due  to  a  complex  cation  or  anion,  the  color  should  move  either  to 
the  cathode  or  anode. 

If  a  solution  of  ferric  sulphocyanate  be  placed  in  a  U-tube,  and 
carefully  covered  over  with  a  less  dense  electrolyte  (dilute  hydro- 
chloric acid),  a  current  of  Vioo  ampere  may  be  passed  through 
it  for  several  hours  without  the  relative  positions  of  the  color- 
boundaries  changing.  The  experiment  can  be  made  quite  striking, 
by  arranging  in  series  two  other  tubes  containing*  potassium  cop- 
per tartrate  covered  with  dilute  potassium  hydroxide,  and  copper 
sulphate  with  ammonium  hydroxide  covered  with  ammonium  hy- 
droxide. In  the  first  case,  the  color-boundaries  remain  stationary, 
while  in  the  second  and  third  they  move  towards  the  anode  and 
cathode  respectively. 

1  MftMoni :  Ztsckr.pkrs.  Ckem.,  sp,  50X  (1899). 
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In  the  figure  is  shown  a  U-tube  of  a  convenient  pattern,  after 
Nemst.  The  lighter  liquid  is  introduced  first  through  the  side 
tube.  That  the  color  is  due  to  the  undissociated  salt  is  confirmed 
by  conductivity  and  molecular-weight  determinations.  The  con- 
ductivities of  mixtures  of  ferric  chloride  and  ammonium  sulpho- 
cyanate  were  20  to  30  per  cent,  less  than  their  mean  conductivities, 


1& 


Mjy 


while  the  rise  in  boiling-point  of  a  mixture  of  the  two  salts  is  always 
much  less  than  the  sum  of  the  rise  in  boiling-points  due  to  the  two 
substances  taken  separately. 


UcGixx  UinVXRSITT, 

MOMTRBAL,,  April- as,  1903. 


NOTES. 

Note  on  Carbon  Combustion  in  a  Platinum  Crucible. — In  a  re- 
cent paper*  John  V.  R.  Stehman,  referring  to  the  writer's  special 
crucible*  for  carbon  combustion,  makes  the  statement  that  "the 
prevalent  idea  regarding  his  form  of  apparatus  seems  to  be  a  fear 
of  the  rubber  gasket  causing  error  by  burning  directly  or  by  be- 

>  This  Jonmal,  %$,  237. 
»  Ibid.,  a$,  »7,  and  ai,  557. 
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coming  hard  and  brittle,  allowing  small  pieces  to  drop  into  the 
crucible  when  the  stopper  is  pushed  into  place." 

While  it  may  be  admitted  that,  prior  to  experience  with  the 
apparatus,  such  a  tear  is  quite  natural,  the  fact  is  that  long  use  by 
many  most  careful  chemists  has  proved  this  fear  to  be  quite 
groundless.  Even  when  the  lower  half  of  the  crucible  is  hot 
enough  to  burn  graphite  in  air,  those  parts  of  the  apparatus  which 
are  in  contact  with  the  rubber  gasket  are  so  well  cooled  by  the 
circulating  water  that  the  rubber  is  wholly  unaffected.  That  there 
is  no  error  from  this  cause  is  shown  by  the  fact  that  the  blanks 
are  always  under  0.0005  g^s^m  and  that  sharp  results  are  easy  to 
get  on  standard  carbon  samples. 

However,  a  rubber  band  should  not  be  used  until  it  becomes 
hard  and  brittle,  not  so  much  from  fear  of  rubber  falling  into  the 
crucible  as  from  the  difficulty  of  getting  a  perfectly  tight  joint 
with  the  rubber  in  this  condition. 

While,  therefore,  there  is  no  reason  to  fear  the  use  of  rubber, 
an  asbestos  gasket  may  be  successfully  used  in  place  of  it,  if  de- 
sired. For  this  purpose,  cut  a  paper  pattern,  about  one-half  inch 
wid^  to  fit  accurately  around  the  lower  part  of  the  stopper  and 
overlapping  about  one-sixteenth  of  an  inch  at  the  ends.  Cut  asbes- 
tos paper,  of  the  thickness  of  a  rubber  band,  over  this  pattern. 
Soak  the  asbestos  gasket  at  least  twenty-four  hours  in  a  large 
beaker  of  water  to  extract  all  soluble  carbonaceous  matter;  it  is 
said  dextrine  is  used  as  a  binding  material.  Fit  it,  while  wet, 
around  the  stopper,  scraping  it  down  carefully  where  the  ends 
overlap.  Saturate  the  gasket  with  water  and  press  it,  with  a 
turning  motion,  into  the  crucible ;  there  is  no  difficulty  in  getting 
a  tight  joint.  Now  test  a  succession  of  blanks,  which,  if  the  solu- 
ble carbonaceous  matter  has  been  well  extracted,  will  not  exceed 
0.0005  gram.  The  asbestos  must  be  well  wetted  before  putting  in 
the  stopper  and,  just  before  beginning  a  combustion,  it  is  well  to 
place  a  few  drops  of  water  in  excess  around  the  upper  part  of  the 
crucible.  This  will  make  any  possible  leak  visible  and  will  ensure 
a  saturated  and  tight  joint  during  the  course  of  the  combustion. 
The  writer  has  tried  an  asbestos  gasket  with  his  crucible  on  car- 
bon determination  with  results  equally  as  satisfactory  as  with  the 
rubber  gasket.  When  determining  combined  water,  however,  rub- 
ber must  be  used,  for  wet  asbestos  is  inadmissible  and  dry  asbestos 
does  not  give  a  tight  joint. 
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While  on  the  subject  of  carbon  determination,  it  may  be  well 
to  call  attention  to  t\^o  other  matters  of  detail.  The  writer  has 
recently  seen  copper  oxide  for  combustion  which,  instead  of  having 
the  usual  dead-black  color  and  porous  appearance,  had  a  reddish 
color  and  semi-fused  appearance  and  was  not  as  effective  as  an 
oxidizer. 

The  copper  oxide  for  the  small  brass  tube  should  be  as  fine  as 
possible  (free,  of  course,  from  powder),  consistent  with  keeping 
die  tube  open  and  free.  In  filling  the  tube,  unless. special  care  is 
taken,  the  copper  oxide  particles  may  become  wedged  in  spots, 
leaving  empty  spaces  in  the  tube.  The  filling  should  be  slow, 
using  only  a  little  copper  oxide  at  a  time  and  testing  it  constantly 
with  a  wire  to  be  sure  the  tube  is  full  in  every  part  where  it  is  to 
be  heated. 

Where  water-bottles  are  used  for  furnishing  the  air-pressure 
it  i&  well  to  use  water  in  which  a  little  cupric  sulphate  has  been 
dissolved.  The  solution  is  filtered  and,  being  an  inhospitable  field 
for  bacterial  activity,  remains  clear  and  free  i rc»n  the  carbonace- 
ous gases  which  are  given  off  from  stagnant  water  in  sufficient 
amount  to  affect  carbon  determinations. 

Porter  W.  Shimer. 

IfABOEATO&T  OP  P.  W.  SHIMBR,  HASTOIC ,  PA. 

The  Color  Test  in  High  Carbon  Steels. — Parker  says  of  it  that 
it  is  "liable  to  great  variations"  ;^  Galbraith  that  it  "should  be  aban- 
doned" ;*  Tucker,  that  "its  inaccuracy  is  well  recognized"  ;•  Had- 
field  that  "it  had  long  been  a  matter  of  knowledge  in  the  Sheffield 
steel  trade,  that  the  color  test  was  apt  to  g^ve  misleading  results"  ;* 
Metcalf  in  his  boc^  "Steel"  characterizes  it  as  "the  wildest  guess 
work  in  the  best  hands."  Campbell  in  his  book  "The  Manufacture 
and  Properties  of  Iron  and  Steel,"  and  elsewhere,  repeatedly  and 
emphatically  expresses  distrust  of  the  method. 

It  is  the  writer's  experience  also  that  the  color  method  as  usu- 
ally carried  out  is  unreliable.  The  same  drillings  do  not  always 
dissolve  to  the  same  shade.  This  difficulty  can  only  be  overcome 
1^  the  use  of  two  precautions  not  generally  known  and  practiced, 
(i)  One  gram  must  be  taken.*    (2)  The  acid  must,  before  using, 

>  Ckem.  Nfws,  49,  88. 

^Jommal  from  and  Steel  fmstUuie^  181,  a34« 

«  Ibid.,  9«,  I.  »7. 

«  IHd,,  9«.  a.  187. 
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be  made  ice-cold  by  immersing  a  beaker  of  it  in  a  larger  beaker  of 
ice  and  water  for  some  time ;  it  must  be  added  all  at  once,  and,  in- 
stead of  simply  having  the  test-tube  stand  in  cold  water,  it  must 
be  moved  rapidly  and  vigorously  around  in  a  large  beaker  of  ice- 
water  for  a  minute  after  the  addition  of  the  acid,  and  before  stand- 
ing in  the  water-bath  filled  with  cold  (not  necessarily  ice-cold) 
water.^  Dissolving  in  this  way,  no  violent  action  takes  place;  loss 
of  hydrocarbon  gas  is  avoided-— or  if  there  is  loss,  it  is  a  uniform 
one;  and  reasonable  accuracy  for  practical  purposes  is  in- 
sured. Results,  however,  are  still  not  so  reliably  accurate  as  by 
combustion,  for  the  reason  that  even  in  the  same  kind  of  steels  the 
proportion  of  hardening  carbon  (which  gives  no  color  in  the  color 
test)  to  carbide  carbon  is  not  always  the  same.  Fifty  consecutive 
heats  of  high-carbon  q)en-hearth  steel,  tested  in  the  manner  above 
described,  and  also  by  combustion,  showed  forty-eight  fairly  good 
results  by  the  color  method  (mostly  within  0.03  per  cent,  of  the 
truth — a  few  to  0.04  per  cent.),  and  two  results  (duplicated  by 
both  methods)  0.06  per  cent,  wide  of  the  truth.  The"  standard 
should  be  made  up  of  drillings  from  many  different  heats  mixed 
together,  as  was  the  case  here.  Crucible  steel  would  show  less 
variation  in  proportion  of  hardening  to  carbide  carbon. 

George  Auchy. 
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DBS  Industries  Chimiques  bt  Pharmacbutiqubs.  Par  Ai^bin  Hali.br, 
Membre  de  Tlnstitut,  Professeur  k  la  Faculty  des  Sciences  de  Paris, 
Rapporteur  du  Jury  de  la  Classe  87  k  I'Ezpoaition  Universelle  de  1900. 
Paris :  Gauthier-Villars,  1903.  2  vols,  quarto.  Vol.  I,  Ixzziz  +  4^5  PP* 
Vol.  II,  544  pp.     Price,  20  francs. 

Perhaps  nothing  more  strikingly  illustrates  the  enormous  de- 
velopment of  technical  chemistry  in  the  last  generation  than  does  a 
comparison  of  this  work  of  Haller  with  the  famous  Bericht  of 
A.  W.  Hofmann,  published  after  the  Vienna  exposition  of  1873. 
The  work  of  Hofnumn  was  a  masterpiece  in  its  way  and  is  still  the 
authority  which  must  be  studied  in  any  discussion  of  the  develop- 
ment of  chemical  manufactures.  The  number  of  exhibitors  of 
chemical  products  at  Vienna  was  not  great,  but,  in  discussing  the 
things  there  shown,  opportunity  was  taken  to  give  a  pretty  full 

>  If  the  violent  action  be  prevented  at  the  very  start  it  does  not  occur  at  all. 
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survey  of  the  state  of  all  important  chemical  industries  at  the  time. 
Hofmann's  Bericht  is  made  up  really  of  a  series  of  short  mono- 
graphs by  competent  authorities. 

The  work  of  Haller  is  also  a  masterpiece,  although  in  detail  it 
is  very  different  from  the  book  of  the  Berlin  professor.  While  in- 
formation is  drawn  from  many  sources,  the  composition  appears 
to  be  the  work  of  the  industrious  author  alone.  At  the  outset,  one 
is  impressed  with  the  great  increase  of  exhibitors  in  1900  over 
1873,  and  with  the  enormous  expansion  of  the  industries  described. 

The  Haller  report  opens  with  a  lengthy  general  introduction  in 
which  is  discussed,  and  very  fairly  too,  the  condition  of  chemical 
industry  in  the  several  countries  represented  at  the  exposition. 
Recognizing  the  peculiar  advanced  position  occupied  by  Germany 
in  this  field,  the  author  addresses  himself  to  the  solution  of  the 
question  which  has  attracted  so  much  attention  in  France,  and 
especialUy  in  England  in  the  last  ten  or  fifteen  years :  Why  is  the 
German  chemical  industry  so  much  in  advance  of  that  of  other 
nations  ?  Like  the  English  writers  before  him,  Haller  reaches  the 
conclusion  that  the  extraordinary  development  of  the  German 
higher  education  in  the  universities  and  technical  schools  is  the 
most  potent  factor  in  explaining  German  ascendancy  in  chemical 
manufacture.  Interesting  figures  are  quoted  showing  the  large 
sums  which  have  been  spent  in  developing  certain  of  the  German 
laboratories,  and  on  the  subject  of  salaries  also  something  is  said 
which  appears  surprising  to  the  American  reader,  who  has  been  so 
often  told  that  the  German  professors  are  very,  poorly  paid  for 
their  services. 

With  respect  to  the  higher  chemical  education  in  the  United 
States  the  remarks  of  Haller  are  appreciative  and  sympathetic. 
He  quotes,  at  length,  from  a  letter  to  the  Chemiker  Zeitung,  written 
by  Dr.  Schneider,  at  one  time  professor  at  the  University  of 
Chicago,  in  which  some  of  our  institutions  ave  described  in  rather 
dark  colors,  but  explains  further  that  Schneider's  picture  is  some- 
what overdrawn.  Haller  spent  some  months  in  this  country  at 
the  time  of  the  Chicago  exposition  and  wrote  a  valuable  report 
to  his  government  on  his  return  in  which  he  discussed  educational 
as  well  as  technical  matters.  He  visited  several  of  our  larger 
schools  while  here,  and  his  observations  are  of  value.  "That  more 
is  not  accomplished  with  the  colossal  resources  at  the  disposition 
of  the  universities,  is  the  other  side  of  the  problem,  but  each 
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country  must  have  its  own  standards,  and  work  things  out  in  its 
own  time."  Part  of  the  trouble  here,  the  author  very  truly  says, 
is  found  in  the  condition  of  our  secondary  education. 

In  this  introduction,  finally,  fourteen  pages  are  devoted  to  the 
topic  "Instruction  in  Chemistry  in  France."  This  will  be  found 
instructive  reading,  since  the  author  has  had  himself  much  to  do 
with  the  awakening  now  discernible  in  his  country.  Throughout 
there  is  a  comparison  with  German  conditions  and  methods  which 
cannot  fail  to  incite  his  countrymen  to  greater  efforts. 

The  body  of  the  work  is  made  up  of  ten  chapters  dealing  with 
different  lines  of  chemical  industry.  The  first  and  longest  of  these 
is  devoted  to  the  sorcalled  heavy  chemicals,  the  common  acids, 
alkalies,  bleaching-powder,  phosphates,  nitrates,  Stassfurt  salts, 
etc.,  while  the  following  chapters  deal  with  special  fields  of  work — 
colors,  varnishes,  soaps,  medicinal  chemicals,  crude  colonial  pro- 
ducts and  so  on.  Ever3rthing  from  artificial  silk  to  the  ozone  puri- 
fication of  water  seems  to  be  considered,  and  the  discussion  is  not 
confined  to  things  exhibited  at  Paris,  but  is  made  complete  with 
much  matter  drawn  from  other  sources.  The  author  discusses 
very  satisfactorily  the  great  advances  which  have  been  made  in 
most  of  the  important  chemical  industries  in  the  ten  years  follow- 
ing the  earlier  French  exposition  of  1889,  and  gives  for  reference 
numerous  bibliographical  tables,  by  the  aid  of  which  further  infor- 
mation may  be  obtained.  Unusually  full  statistical  information  is 
given  regarding  such  great  enterprises  as  the  "Badische  Anilin  und 
Soda  Fabrik,"  the  '*Farbenfabriken  vorm.  Friedrich  Bayer  und 
Co.,"  the  "Farbwerke  vorm.  Meister,  Lucius  und  Briining,"  and 
others. 

Apparently  but  few  chemical  exhibits  were  sent  from  the  United 
States  and  some  of  these  were  not  to  our  credit  or  in  any  way  a 
proper  measure  of  our  industry.  Haller  calls  attention  to  the  last 
and  explains  that  in  many  directions  chemical  manufacturers  have 
made  colossal  advances  in  this  country,  that  indeed  in  some  im- 
portant lines  we  are  becoming  exporters  instead  of  importers. 
The  development  of  the  electrochemical  industries  is  especially 
mentioned.  J.  H.  Long. 
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Some  years  ago,  1896,  Rolfe  and  Defren^  published  analytical 
data  of  acid-hydrolyzed  starch  products  from  which  they  con- 
cluded that  the  evidence  was  strong  that  a  constant  relation  ex- 
isted between  the  optical  rotation  and  copper  reduction  of  such 
products,  independent  of  the  conditions  of  hydrolysis;  in  other 
words,  that  hydrolyzed  products  of  the  same  rotation  had  the  same 
reducing  power,  and  consequently  were  identical  in  composition, 
providing,  of  course,  that  they  were  norhial,  unmixed  products 
of  acid  hydrolysis.  Obviously,  absolute  confirmation  of  such  a 
far-reaching  law  could  only  be  arrived  at  by  elaborate  and  lengthy 
research. 

In  1897,  Brown  and  Morris^  published  the  results  of  some  500 
analyses  of  dio^^oy^-converted  starch  products,  showing,  in  con- 
firmation of  their  earlier  conclusions,  that  a  law  of  relation  did 
exist,  not  only  in  such  products  themselves,  but  in  their  fractions 
obtained  by  alcohol. 

Perhaps  the  most  important  paper,  bearing  directly  on  the  acid 
hydrolysis  of  starch,  is  that  of  Johnson,  which  appeared  in  1898.* 

1  Thin  Journal,  i8,  869;  revised  :  Tech.  Quart.,  10,  133 
*y.  Ckfm.  Soc.,  71,  115. 
•  /*iV/..  73,  490- 
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Johnson  found  a  constant  relation  between  optical  rotation  and 
cupric  reduction,  but  obtained  results  at  variance  with  those  of 
Rolfe  and  Defren. 

Johnson  concluded  that  maltose,  6t  its  molecular  combinations, 
was  not  found  in  acid-hydrolyzed  products,  but  that  these  bodies 
could  be  considered  to  be  combinations  of  dextrose  and  a  non- 
reducing  dextrin,  thus  agreeing  with  earlier  work,  notably  that 
of  Salomon*  and  Pellet,*  who  had  already  come  to  the  same  con- 
clusion. 

Johnson  ascribes  the  differences  shown  in  Rolfe  and  Defren's 
data  to  errors  introduced  into  the  work  of  the  latter  through  lime 
salts  formed  in  neutralizing  the  acidified  solutions.  He  publishes 
but  little  of  his  experimental  data  or  the  details  of  his  work,  but 
states  that  he  has  followed  the  analytical  procedure  of  Brown  and 
Morris,  and  that  his  conversions  were  made  on  a  water-bath  in 
open  beakers.  Apparently  the  hydrolyzing  acid  was  sulphuric, 
originally,  of  about  half-normal  strength.  We  understand  that 
Krieger  has  also  published  a  paper  confirming  the  work  of  John- 
son, but  we  have  not  been  able  to  find  reference  to  it. 

Morris'  stated  that  the  results  of  his  investigations  were  quite 
at  variance  with  those  of  Johnson;  that  his  data  indicated  the 
presence  of  maltose,  which  he  proved  to  exist  in  the  solutions  by 
obtaining  crystals  of  undoubted  maltosazone;  furthermore,  his 
results  confirmed  those  of  Rolfe  and  Defren,  although  he  was  in- 
clined to  doubt  the  universal  application  of  their  law  of  relation 
to  all  acid-hydrolyzed  starch  products.  1  he  untimely  death  of  this 
brilliant  investigator  has  doubtless  prevented  publication  of  his 
complete  work. 

Many  circumstances  have  prevented  the  resumption  of  these 
investigations  in  this  laboratory.  Only  quite  recently  has  this 
research  been  taken  up  again  with  the  following  objects:  (i)  To 
obtain  more  data  on  the  "law  of  relation";  (2)  to  see  whether 
this  law  applied  to  alcoholic  fracticms;  (3)  to  find  out  proofs  of 
the  existence  of  maltose  in  acid-hydrolyzed  starch  products. 

The  methods  of  the  English  chemists,  adopted  by  us,  have  been 
much  criticized,  owing  to  the  use  of  an  arbitrary  specific  gravity 
factor  in  the  calculations.    As  the  use  of  this  factor,  its  influence 

ly.  prakt.  Oum.  (a),  a8.  8a. 

*  Compt.  Rend.^  a.  4y>. 

*  Froc.  Brit.  Assoc.,  Sept..  1899. 
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on  the  results,  and  their  relation  to  the  absolute  values,  etc.^  have 
been  fully  explained  by  Brown  and  Morris/  it  is  not  necessary  to 
discuss  it  in  detail  here.  In  the  present  work  we  have  expressed 
the  results  in  absolute  values.  It  should  be  noted,  however,  that 
the  use  of  the  factor  0.00386,  as  detailed  by  Brown  and  Morris, 
simplifies  the  calculations,  gives  correct  proportional  values  (per 
cents.)  of  the  primary  carbohydrates,  and  likewise  optical  and  re- 
ducing figures,  readily  convertible  into  absolute  values  by  use  of 
known  factors.  The  practical  starch  chemist,  therefore,  will  prob- 
ably continue  the  use  of  it,  as  a  path  of  least  resistance  in  attaining 
his  desired  information,  just  as  the  analyst  will  use  the  Mohr  cubic 
centimeter,  and  the  physical  chemist  theBriggs  logarithm  instead  of 
the  Naperian,  when  by  such  means  he  arrives  at  his  objective  point 
more  quickly  and  easily.  Results  obtained  by  such  expedients  of 
calculation  and  experiment  are  permanently  valuable,  as  they 
admit  of  standardization  at  will  in  terms  of  the  accepted  scientific 
constants  of  the  day. 

Analytical  Methods. — In  the  earlier  work,  densities  were  ob- 
tained by  a  Westphal  balance,  carefully  and  frequently  adjusted, 
and  were  made  at  ordinary  laboratory  temperatures,  and  corrected 
for  15.5**.  More  recently,  we  have  made  pyknometer  determina- 
tions at  15.5**.  Corrections  were  made  for  the  dissolved  mineral 
salts  present.  Ash  determinations  of  carbohydrate  solutions  con- 
taining known  amounts  of  mineral  salts  confirmed  O'Sullivan's 
factor,  0.008,  for  the  density  correction  of  each  gram  of  mineral 
matter,  determined  as  ash,  in  100  cc.  of  solution,  when  the  amount 
of  mineral  matter  did  not  exceed  a  few  per  cent,  of  the  carbo- 
hydrate present.  A  more  exact  correction  seems  necessary  when 
the  mineral  content  is  large.  Ash  determinations  were  made  in 
a  "low  temperature"  mufHe,  vaseline  being  used  to  prevent  exces- 
sive swelling  of  the  coal. 

This  influence  of  the  mineral  salts  in  solution  was  investigated 
with  particular  care,  owing  to  its  possible  importance  as  a  source 
of  error,  as  suggested  by  Johnson.  Evidently  the  most  important 
error  introduced,  that  of  the  density,  lowei:s  the  cupric-reducing 
power  and  optical  rotation  by  the  same  percentage,  the  error  in 
reduction  appearing  greater  in  the  higher  converted  products, 
that  of  the  rotation  in  the  lower.  Hence,  the  effect  of  the  ash 
correction  on  the  reduction  values  of  those  products  containing 

*  /  Ckem.  Soe.,  71,  7a. 
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the  most  sugars  would  be  diametrically  opposite  to  that  suggested 
by  Johnson's  criticism.  As  a  matter  of  fact,  the  correction  for  the 
concentration  of  acid  used  rarely  exceeds  2  per  cent.,  and  in  the 
majority  of  cases  is  much  smaller.  This  would  tend  to  increase 
the  discrepancy  of  more  than  10  per  cent,  between  Johnson's  and 
Rolfe  and  Defren's  figures  in  those  products  where  the  presence 
of  maltose  is  in  dispute;  that  is,  at  the  conversion  point  where 
maltose  is  supposed  to  be  present  in  maximum  amount. 

We  have  made  a  careful  study  also  of  the  original  data  of  this 
earlier  work  and  have  recalculated  all  the  results  where  the  data 
admitted.  This  was-  made  necessary  from  the  revision  of  factors 
used  in  calculation.  We  have  tabulated  all  these  values  figured 
in  absolute  constants.  It  will  be  seen  that  little  change  is  made, 
many  of  the  corrections  being  compensatory. 

Another  possible  source  of  error  caused  by  lime  salts  might  be 
their  precipitation  with  the  copper  oxide  in  the  Fehling  test.  This 
seemed  improbable,  as  the  mineral  matter  rarely  exceeded  o.ioo 
gram  in  100  cc.  in  the  original  solutions,  which  were  diluted  in 
most  cases  to  Vso  o^  their  original  concentration.  Blank  tests 
made  on  solutions  containing  lime  salts  in  the  proportion  present 
in  the  usual  tests,  and  in  fact,  made  by  neutralizing  an  acidified 
solution  in  the  same  manner  as  the  hydrolyzed  products,  showed 
no  increase  in  weight  due  to  precipitated  lime. 

The  optical  rotation  constants  have  been  determined  by  a 
Schmidt  and  Haensch  saccharimeter,  but  the  light  factor  used  in 
converting  readings  to  angular  degrees  of  rotation  of  the  "D" 
ray  has  been  increased  0.2  per  cent,  to  0.3450.  The  original  factor,- 
0.3443,  which  was  worked  out  experimentally,^  expresses  the 
value  of  our  saccharimeter  in  terms  of  yellow-light  rotation, 
measured  on  a  Laurent  polariscope,  the  light  being  that  of  a 
sodium  chloride  flame,  filtered  through  a  section  of  potassium 
bichromate  crystal.  The  I^andolt  polariscope  uses  sodium  chlo- 
ride, light  filtered  through  a  potassium  bichromate  solution,  and 
also  one  of  uranium  sulphate.  This  seems  to  have  caused  a  change 
in  light  standard  which  results  in  readings  which  are  0.2  per  cent, 
higher.  The  wave  length  of  the  Landolt  illuminating  apparatus 
has  been  found  to  be  0.00058932,*  corresponding  to  a  position  in 
the  spectrum  exactly  midway  between  the  two  "D"  lines.    As  the 

1  This  Journal,  iS*  873. 

*  I«andoU*s  *'Da9  Optiiiche  Drehungsvertnogen/'  p.  364. 
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Landolt  values  seem  to  be  generally  accepted  as  the  standard 
for  the  "D"  ray,  we  have  made  this  trifling  change  in  our  own 
figures.    The  subject  of  the  "light  factor,"  that  is,  the  equivalent 
value  of  one  saccharimetric  division  in  angular  degrees  of  yellow- 
light  rotation,  is  treated  by  recent  text-books  in  a  misleading 
way.     Values  are  given  some  tenths  of  a  per  cent,  higher  than 
those  of  the  earlier  works,  leading  the  reader  to  infer  that  the 
earlier  figures  are  incorrect,  whereas,  as  a  matter  of  fact,  these 
earlier  factors  are  practically  exact  for  by  far  the  majority  of 
saccharimeters  in  actual  use  to-day — those  graduated  in  "Mohr" 
cubic  centimeters  at  17.5**,  the  only  correction  being  for  any  change 
in  the  light  standard  of  the  rather  indefinite  "D"  ray.    The  recent 
factors  are  obviously  applicable  only  to  those  instruments  recently 
made  which  are  graduated  for  solutions  made  up  in  true  cubic 
centimeters.     Unquestionably,  the  use  of  volumetric  apparatus 
graduated  in  true  cubic  centimeters  is  most  commendable,  but 
just  as  unquestionably,  the  starch  chemist  must  use  those  factors 
which  are  applicable  to  the  actual  graduation  of  his  saccharim- 
eter.    It  is  to  be  hoped  that  the  makers  of  saccharimeters  hence- 
forth will  mark  on  the  instruments  just  how  they  are  graduated. 
As  far  as  possible,  saccharimeter  readings  have  been  made  at 
20®  C,  but,  with  the  present  laboratory  facilities  at  our  command., 
it  has  been  impossible  to  control  the  temperature  within  several 
degrees.    As  soon  as  it  is  feasible  to  carry  out  such  work,  we  in- 
tend to  make  a  correction  table  for  readings  taken  at  temperatures 
other  than  20**.     Our  determinations  of  cupric-reducing  power 
have  been  made  by  Defren's  method,*  with  slight  modification. 
We  have  preferred  this  method  to  that  of  Brown  and  Morris,* 
which  it  closely  resembles,  merely  because  we  obviate  the  cor- 
rection due  to  the  spontaneous  reduction  of  the  solution.    In  the 
past  six  years  we  have  made  blank  tests  on  every  lot  of  Fehling 
solution  used,  carrying  out  every  detail  of  the  regular  deter- 
mination.   With  the  exception  of  two  lots  of  solution — in  which 
we  traced  the  spontaneous  reduction  of  0.0017  gram  to  a  bottle 
of  Rochelle  salts  of  inferior  quality — we  have  never  found  either 
visible  evidence  of  spontaneous  reduction,  or  increase  in  weight 
of  crucibles,  these  checking  within  0.0002  gram.    Therefore,  we 
state  with  confidence  that  there  is  no  spontaneous  reduction  of 

>  This  Joumal,  i8,  749- 
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the  Fdiling  solution  during  the  heating  process  of  the  test  carried 
out  by  Defren's  method.  This  seems  to  be  the  result  of  the 
greater  dilution  of  the  Fehling  solution,  and  possibly  the  smaller 
amount  of  alkali.  We  have  varied  the  method,  however,  in  one 
detail.  Instead  of  delivering  the  sugar  solution  as  quickly  as 
possible  from  a  burette  into  the  Erlenmeyer  flask  containing  the 
hot,  diluted  Fehling  solution,  we  have  added  the  sugar  all  at  once, 
without  removing  the  Fehling  liquor  from  the  bath,  by  quickly 
inverting  a  25  cc.  flask  which  is  left  upside  down  in  the  mouth  of 
the  Erlenmeyer  during  the  reduction.  One  short  rotary  shake  is 
given  the  Erlenmeyer  immediately  after  the  solution  is  added  to 
insure,  at  once,  perfect  mixture.  This  modification  has  increased 
the  reducing  power  of  the  sugar  solutions,  and  necessitated  cal- 
culating a  new  set  of  equivalents,  from  tests  made  with  pure  dex- 
trose. As  we  hope  to  modify  the  process  somewhat  more  in  the 
near  future,  we  do  not  deem  it  advisable  to  take  valuable  space 
to  publish  our  present  equivalent  table.  The  copper  reduction, 
in  general,  both  on  dextrose  and  maltose,  is  about  5  per  cent, 
greater  than  Defren's  original  figures,  the  dextrose  equivalent, 
therefore,  being  correspondingly  less.  In  the  earlier  work  some 
correction  has  been  necessary,  owing  to  the  more  accurate  density 
values  for  dextrose  «nd  maltose,  which  are  now  known.*  These 
density  corrections  lower  Defren's  original  equivalents  about  0.6 
per  cent,  and  need  only  be  considered  in  the  most  accurate  work. 
As  the  density  factors  corresponding  to  the  actual  weights  of 
acid-hydrolyzed  starch  products,  in  solutions  of  a  density  approxi- 
mating 1.04,  have  already  been  established  experimentally,'  we 
have  been  enabled  to  convert  our  results  into  absolute  values  by 
the  following  table  (A),  which  gives  the  logarithms  for  convert- 


Tabi^  a.— Density  Factors  for  Rbfkrencb  to  Actual  Wrights  of 

Acid-Hydrolyzbd  Starch  Products  in 

100  True  Cubic 

Centimetbrs  of  Solutions. 

.   M«.        "sssic-iri:)- 

Logarithms  of 
conversion  factors.* 

55*                    0.003837 

9.9965 

6o«                            0.003844 

9.9973 

65**                            0.003850 

9.9980 

7o«*                            0.003857 

9.9988 

75**                            0.003864 

9.9996 

80®                            0.003870 

0.0002 

1/.  Ch£m.  Soc.   (London),  71,  79. 

*  This  Journal.ip,  698. 
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Dendty/^'iSJoN  togarithiai  of 

fcctor.  \     15^  ^  converrion  fmctori.i 

0.003877  0.0010 

0.003884  aooi8 

0.003890  0.0024 

0.003897  0.0032 

0.003904  0.0040 

0.00391 1  0.0048 

0.003918  0.0056 

0.003925  0.0063 

0.00393  X  0.0070 

0.003938  0.0078 

0.003945  0.0085 

0.003951  0.0092 

0.003958  o.oioo 

0-0039^  0.0107 

0.003971  0.0114 

0.003978  0.012 1 

0.003985  0.0129 

0.003991  0.0136 

0.003998  0.0144 

0.004005  0.0151 

0.00401 1  0.0157 

0.004017  0.0164 

0.004023  0.0170 

NoTB.— As  the  cnpric-reducin^  power  of  pure  dextrose,  taken  as  i. 00  for 
the  factor  aoo386  is  0.9915  in  absolute  value,  it  is  necessary  to  add  the 
oo-logarithm  of  this  number,  or  0.0037,  to  the  logarithm  of  the  conversion 
factor  in  calculating  the  reducing  power  in  terms  of  that  of  the  equivalent 
weight  of  dextrose  as  unity. 

ing  results  calculated  by  the  factor,  386,  'into  values  referred  to 
grams  of  hydrolyzed  product  in  100  true  cubic  centimeters  of 
solution.  The  newer  work  published  in  this  paper  covers  a  com- 
paratively limited  field,  being  an  investigation  of  hydrolyzed  prod- 
ucts of  several  commercial  starches  of  different  origin,  formed  by 
the  action  of  hydrochloric  acid  at  two  concentrations,  and  at  pres- 
sures between  2  and  3  atmospheres,  unless  otherwise  stated.  No 
attempt  has  b^n  made  to  purify  these  starches,  as  we  have  been 
led  to  believe  not  only  that  purification  is  unnecessary,  but  may 
actually  change  the  nature  of  the  starch,  since,  in  our  experience, 
all  purification  methods  produce  a  certain  amount  of  hydrolytic 
change  and  formation  of  products  which  are  diffusible  through 
the  starch  -grains,  and  subsequently  removed  by  washing.    That 
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such  diffusion  actually  does  take  place,  can  be  proved  by  testing 
the  wash-waters  used  in  the  purification  of  starch  with  iodine,  or 
shaking  up  the  starch  itself  with  cold  water  and  testing  the  water. 
The  colors  obtained  are  not  the  deep  blue  of  the  unchanged  and 
indiffusible  starch,  but  the  violet  of  hydrolyzed  starch,  providing, 
of  course,  that  the  grains  are  unruptured.  Probably  this  slight 
loss  from  hydrol)rtic  change  has  no  influence  on  the  results,  when 
the  purification  method  is  not  too  drastic,  but  it  is  questionable 
whether  the  ''purified"  product  obtained  is  any  nearer  pure  starch 
than  the  original. 

The  following  table  (B)  gives  the  corrected  values  of  Rolfe  and 
Defren's  original  work,  together  with  those  recently  obtained  by 
us.  The  plotted  results*  make  it  clear  that  the  reducing  values  do 
not  lie  on  a  straight  line  as  they  should,  if  dextrose  alone  were 
present.     On  the  contrary,  the  results  are  in  substantial  agree- 

Tablb  B. 

starch.  Acid.  Coticentnition. 

Corn  HCl  N/ioo 


M.. 

<e. 

147.0 

0.489 

100.9 

0.750 

73.8 

0.855 

199.2 

0.043 

179.6 

O.161 

156.6 

0.375 

129.2 

0.563 

149.2 

0.451 

88.8 

0.799 

65.6 

0.937 

58.2 

0.974 

53.6 

0.977 

180.5 

0.206 

133.4 

0.555 

108.7 

0.712 

68.1 

0.921 

59.0 

0.949 

151.4 

0.403 

1 18.0 

6.637 

90.8 

0.768 

70.3 

0.855 

61.8 

0.933 

164.4 

0.346 

135.9 

0.529 

92.4 

0.786 

168.5 

0.305 

*  The  plotted  valaes  marked  by  a  crow  are  those  of  alcoholic  fractions,  to  be  discttsscd 
in  a  snbtequent  paper. 
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Starch.                  Add.  Conceotration. 

Corn                  HCl  N/aoo 

Corn                   HCl  N/ioo 


Com  HjCjO*  N/ioo 

Com  HiC,04  N/50 


Cora  HCl  K/ioo 


Potato  HCl  N/50 


Com  HCl  N/50 


w.. 

c. 

I4I.7 

0.510 

126.3 

0.610 

IOI.3 

0.745 

195.6 

0.067 

186.3 

0.143 

180.6 

0.225 

167.3 

0.306 

160.3 

0.349 

108. 1 

0.705 

94.4 

0.778 

81.9 

0.854 

76.3 

0.877 

187.7 

0.122 

159.9 

0.382 

120.5 

0.640 

74.5 

0.899 

7M 

0.902 

I8I.8 

0.172 

160. 1 

0.360 

138.7 

0.504 

140.9 

0.485 

134.0 

0.529 

120.4 

0.623 

58.1 

0.970 

136.9 

0.538 

87.1 

0.896 

182.3 

0.192 

186.9 

0.128 

193.3 

0.097 

186.0 

0.158 

182.0 

0.186 

180.3 

0.217 

167.2 

0.298 

164.9 

0.296 

153.9 

0.358 

143.5 

0.444 

144.9 

0.457 

137.6 

0.523 

127.8 

0.604 

II9.6 

0.660 

163.9 

0.333 

124.6 

0.614 

116.2 

0.639 

II1.5 

0.694 

103.2 

0.750 

130.4 

0.574 

125.5 

0.617 
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SUrch.  Acid.  Concentration. 

Corn  HCl  N/50 


Cassava  HCl  N/50 


'•Thin  boiling"    HCl     ^  N/50 

corn-starch 


Corn  HCl  N/50 

Com  H,C,04  N/25 

Corn  HjSO*  N/50 

Com  HCl  N/too 

Com  HCl  N/50 


L^U 

«. 

117.7 

0.645 

114. 2 

0.673 

107.3 

0.723 

109.7 

0.680 

104.7 

0.722 

99.3 

0.750 

95.9 

0.760 

91.9 

0.790 

90.4 

0.808 

79.8 

0.852 

78.6 

0.875 

74.0 

o.as4 

7'.7 

0.903 

96.2 

0.773 

90.6 

0.850 

84.3 

0.835 

81.8 

0.851 

66.7 

0.933 

60.8 

0.941 

59.5 

0.973 

57.5 

0.980 

122.5 

0.623 

1 14.6 

0.631 

106.5 

0.720 

97.6 

0.769 

179.2 

0.195 

52.5 

100.4 

68.1 

0.910 

59.9 

0.977 

56.7 

0.953 

163.6 

0.333 

129.0 

0.569 

98.9 

0.783 

80.1 

0.849 

69.3 

0.925 

170.9 

0.281 

130.0 

0.562 

105.9 

0.728 

84.8 

0.832 

71.3 

0.889 

152.6 

0427 

95.7 

0.788 

66.5 

0.924 

54.8 

0.954 

54.a 

0.998 

95.8 

0.783 

64.6 

0.939 

IOI4  HYDROLYSIS  OP  STARCH   BY  ACIDS. 


SUrch.                   Acid. 

Concentration. 

Wz>. 

«. 

55.5 

0.972 

52.9 

0.979 

88.7 

0.843 

55.3 

0.951 

Corn                  HCl 

N/as 

157.5 

0.372 

114.7 

0.686 

Corn                   HCl 

N/50 

82.0 

0.886 

54.9 

0.993 

Poteto               HCl 

N/50 

175.5 

0.234 

I5».3 

0.404 

1S0.1 

0.208 

156.6 

0.406 

191.3 

0.094 

176.8 

0.213 

158.8 

0.331 

123.2 

0.592 

» 

123.0 

0.583 

Cassava             HCl 

N/50 

151. 6 

0.427 

182.2 

0.184 

118.5 

0.668 

183.4 

0.157 

94.6 

0.783 

85.1 

0.795 

Potato                HCl 

N/50 

187.3 

0.104 

175.3 

0.220 

161. 1 

0.340 

191.2 

0.087 

186. 1 

0.135 

180.7 

0.176 

176.7 

0.221 

170.4 

0.275 

ment  with  the  original 

ones  of  Rolfe  and  Defren 

.    While  the 

tabulated  values  of  the 

original  paper, 

calculated  ( 

on  the  factor 

0.00386,  are  not  exact,  they  have  proved 

to  be  sufficiently  approxi- 

mate  to  be  valuable  aids 

in  predicting  practical  laboratory  results. 

It  is  intended  to  use  more  refined  methods  of  analysis,  if  possible. 

and  to  locate  this  curve 

more  definitely  by  the  method  of  least 

squares.     We  have  published  the  present  figures, 

however,  as 

conclusive  of  the  presence  of  another  reducing  body 

than  dextrose 

in  acid-hydrolyzed  starch  products,  formed  under  the  conditions 

of  conversion  which  we 

have  defined. 

Sugar  Laboratory,  Mass.  Inst. 
OP  Tbcbnolooy. 


THE    PRESENCE    OF  MALTOSE   IN    ACID-HYDROLYZED 
STARCH  PRODUCTS. 

BT  GaO.  W.  ROLFB  AK D  ISAAC  T.  HADDOCK. 
Received  August  $•  ifof- 

References  have  already  been  made,  in  a  previous  paper/  to 
the  works  of  Salomon,  Pellet,  Johnson,  and  others  which  have 
led  these  investigators  to  conclude  that  maltose  is  not  a  product 
of  the  add  hydrolysis  of  starch.  Lintner  and  Dull  believed  that 
"isomaltos"  was  produced.  Morris  and  Rolfe  and  Defren 
have  been  among  those  who  have  maitained  that  maltose  resulted 
from  the  hydrolysis.  As  has  already  been  cited  in  a  previous 
paper,  Morris  has  stated  that  he  has  made  crystals  of  undoubted 
maltosazone  from  the  products  of  acid-hydrolyzed  starch. 

Having  at  hand  a  large  quantity  of  commercial  "glucose,"  of 
which  we  knew  the  circumstances  of  manufacture — it  being  the 
product  of  hydrochloric  acid  hydrolysis  at  a  pressure  of  two 
atmospheres,  and  having  a  specific  rotation  of  126.5**  ^^  ^^^  ^ 
cupric-reducing  power  of  0.575 — ^we  decided  to  make  alcoholic 
fractions  of  this  glucose  with  the  object  of  separating  maltose,  if 
present,  or  some  of  Its  compounds,  and,  incidentally,  of  testing  the 
law  of  relation  of  rotation  to  cupric  reduction  as  applied  to  alco- 
holic fractions.  The  analytical  figures  of  this  sample  showed 
that  the  hydrolysis  had  been  carried  only  a  little  beyond  the  point 
for  maximum  maltose  content  as  calculated  from  Rolfe  and 
Defren's  tables,  and,  in  consequence,  was  specially  suited  for  the 
investigation. 

It  can  be  easily  calculated  from  the  same  tables  that,  were  it 
possible  to  remove  all  the  dextrin  from  a  solution  of  this  glucose 
leaving  all  of  the  maltose  and  dextrose,  the  resulting  product 
would  have  a  rotation  of  105**  and  a  reducing  power  of  0.76.  If, 
however,  the  fractionation  separated  the  glucose  into  a  series  of 
products  more  or  less  soluble  in  alcohol,  but  containing  all  three 
of  the  primary  carbohydrates,  it  would  be  probable  that  they 
would  conform  to  the  law  of  relation,  in  which  case,  should  a 
product  be  separated  of  the  rotation  105"*,  its  cupric-reducing 
power  would  be  about  0.71  instead  of  0.76. 

In  carrying  out  the  fractioning,  a  15  per  cent,  solution  of  glu- 

1  Preoeding  paper. 

s  Ber.  d.  chem,  Ges,^  a8, 1523. 
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cose  was  added,  drop  by  drc^,  to  about  ten  times  its  volume  of 
95  per  cent,  alcohol.  After  standing  for  a  day  or  more,  the  pre- 
cipitate was  filtered  off,  washed  thoroughly  with  alcohol,  dried 
at  a  gentle  heat  till  all  traces  of  alcohol  were  expelled,  and  tested 
in  the  usual  way.  In  the  case  of  the  alcoholic  filtrates,  the  alcohol 
was  removed  by  distillation,  and  the  residues  were  concentrated 
to  about  lo  per  cent.  In  order  to  economize  time  and  alcohol,  a 
little  fuller's  earth  was  mixed  with  the  first  precipitates  to  facili- 
tate separation. 

The  following  table  gives  the  optical  and  reducing  constants 
of  those  fractions  which  were  investigated.  It  will  be  seen  that, 
in  general,  they  show  a  relationship  between  optical  rotation 
and  copper-reducing  values  which  is  in  practical  agreement  with 
that  found  for  homogenous  acid-hydrolyzed  products. 

AZX!OHOUC  P&ACnONS  OF  COMICBRCIAL  GLUCOSB  SOLimONS. 

isi.    Fractionation: 

1st.  PrecipiUte . 

and. 

3«d. 

4th. 

itt  Filtrate.... 

and.       "      .... 

3rd.       -     .... 

4th.        "      .... 
and.    Fradionatum: 

and.  Precipitate 188.0^ 

3rd. 

4th. 

and.  Filtrate SS.S^" 

4th.         "      88.I*  0.8x1 

jn/i    fhuiiodation: 

»t  Precipitate 154-6^  •••• 

and.  "        i68.i« 

3rd.  "        I85.7*  0.163 

and.  Filtrate. 84.4^ 

^.    F^adionation: 

lit  Precipitate i37-5^  •••• 

and. 


w.. 

K. 

I45.a* 

0.489 

I49.0* 

0.433 

i98.o<» 

0.047 

I97.6- 

0.051 

107.9* 

0.765 

IOI.6* 

0.717 

98.3^ 

.... 

96.8* 

0.815 

i88.o« 

O.XI7 

I97.a* 

0.093 

196.0° 

O.OB5 

3rd. 
4th. 
5th. 
6th. 
lat.  Filtrate. 


i5a.3* 

0.395 

I65.9* 

.... 

187.9* 

0.1 37 

i89.i« 

0.189 

i^.3' 

0.075 

96.0* 

0.79a 
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The  values  for  the  cupric-reducing  powers  of  the  filtrates  of  the 
first  fractionation  all  show  awide  departure  from  such  relationship. 
These  filtrates  were  peculiar  in  that  they  deposited,  to  some  ex- 
tent, granular  precipitates  quite  different  in  appearance  from  the 
separated  dextrins.  It  seemed  probable  that  this  precipitate  was 
sugar  in  a  free  state.  Moreover,  it  seems  more  than  a  coincidence 
accounted  for  by  experimental  error  that  the  plots  of  these  redu- 
cing values  almost  exactly  fall  on  a  straight  line  joining  the  lOO 
and  62.2  points  which  theoretically  defines  the  reducing  values  of 
mixtures  of  pure  maltose  and  dextrose.  The  apparently  low  re- 
ducing power  of  the  second  filtrate  may  be  caused  by  an  error  in 
the  rotatioa  reading,  as  the  aqueous  solution  in  this  case  was 
turbid.  This  evidence  seems  to  point  to  the  possibility  that  under 
certain  conditions,  not  clearly  defined,  alcoholic  fractionation  may 
break  up  the  hydrol3rtic  products,  setting  free  one  or  moie  of  the 
primary  carbohydrates. 

Some  of  the  precipitates,  especially  those  of  high  rotation,  show 
unexpectedly  high  cupric-reducing  powers.  We  are  inclined  to 
believe  that  this  is  caused  by  partial  h3rdrolysis  during  drying. 
The  precaution  of  drying  in  a  vacuum  at  low  temperature  may 
not  have  prevented  this  entirely,  as  these  low-converted  dextrins 
seem  very  sensitive  in  this  respect. 

An  aqueous  solution  made  from  the  second  filtrate  of  the  third 
fractionation  was  heated  on  a  water-bath  with  a  small  quantity 
of  a  s(dution  of  phenylhydrazine,  in  glacial  acetic  acid.  Maltos- 
azone  was  separated  in  the  usual  way  by  filtering  off  the  dex- 
trosazone  in  a  hot  funnel.  On  cooling  the  filtrate,  characteristic 
crystals  of  maltosazone  separated  out.  The  dried  crystals,  tested 
by  heating  in  a  capillary  tube,  attached  to  a  thermometer  bulb, 
and  immersed  in  a  sulphuric  acid  bath,  according  to  the  usual 
method,  began  to  decompose  at  about  195®,  being  entirely  melted 
at  203**.  The  ordinary  basic  lead  acetate  solution  of  a  density  of 
1.25,  such  as  is  commonly  used  in  sugar  analysis,  proved  very 
convenient  for  separating  maltose.  This  solution  was  not  pre 
dpitated  when  dropped  into  pure  95  per  cent,  alcohol,  but  formed 
a  white,  curdy  precipitate  when  poured  into  the  alcoholic  filtrate 
from  the  glucose  fractionation.  After  the  lead  was  completely 
removed  by  hydrogen  sulphide,  the  aqueous  solution  was  heated 
with  phenylhydrazine.    No  precipitate  formed  in  the  hot  solution. 
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but  maltosazone  sq>arated  out  on  cooling.  As  this  seems  a 
promising  means  of  separating  maltose,  we  intend  to  investigate 
it  further. 

We  have  made  some  photo-microscopic  studies  of  the  maltos- 
azone and  dextrosazone  obtained  from  the  alcoholic  fractions  and 
by  means  of  the  lead  acetate  separation,  comparing  them  with 
corresponding  osazones  obtained  from  pure  maltose  and  dextrose. 
When  pure  maltose  is  treated  with  phenylhydrazine  acetate 
in  the  usual  way,  the  osazone  often  separates  out  in  crystal 
plates  large  enough  to  be  seen  without  magnification.  If  ex- 
aniined  under  the  microscope,  it  will  be  noticed  that  these  plates 
tend  to  collect  in  spherical  masses.  Plate  I  shows  such  crystals 
of  the  osazone  made  from  Kahlbaum's  C.  P.  maltose.  We  have 
found  it  impossible  to  obtain  these  large  crystals  by  recrystalliza- 
tion  from  hot  water,  the  osazone  being  deposited  in  small  balls^ 
which  show,  on  close  examination,  that  they  are  aggregates  of 
flat  crystals.  Plate  II,  while  a  poor  photograph,  is  interesting 
because  it  represents  these  balls  obtained  from  the  crystals  shown 
in  the  first  plate  by  recrystallization  from  hot  water.  Plate  III 
shows  crystals  of  maltosazone  obtained  from  the  alcoholic  filtrate 
previously  mentioned.  This  shows  the  plates  in  loose  aggrega- 
tions and  in  balls.  Plate  IV  is  of  osazone  crystals  from  the  lead 
acetate  precipitate  of  the  same  filtrate.  Plate  V  shows  the  same 
crystals  after  the  aggregates  have  been  broken  up  by  gentle  tap- 
ping of  the  cover-glass. 

Dextrosazone  has  a  quite  different  crystal  habit.  The  cr}'Stals 
can  be  described  as  needles  rather  than  plates.  They  form  brush- 
like bundles  resembling  tufts  of  broom-corn,  which,  to  some  de- 
gree, suggest  the  maltosazone  aggregations,  but  yet  are  quite 
different,  showing  none  of  the  compact,  spherical  forms  so  diar- 
acteristic  of  maltosazone.  More  highly  magnified  dextrosazone 
crystals  closely  resemble  in  shape  those  of  stibnite,  and  appar- 
ently belong  to  the  orthorhombic  or  hexagonal  system.  Plate 
VI  shows  these  characteristics,  especially  the  square  basal  angles. 
We  have  found  these  crystal  forms  so  characteristic,  when  studied 
with  the  microscope,  that  we  have  felt  warranted  in  presenting* 
these  photo-micrographs,  and  would  have  illustrated  further  the 
osazones  of  these  two  sugars  had  space  permitted.  The  crystal- 
line structure  and  the  behavior  of  the  two  osazones  with  hot  water 

1  Orimbert :  /.  Fharm,  Ckim,,  ^I7-Sl  *ptly  terms  them  "  RMCttet.** 


Plate  I. 


Plate  II. 


Plate  III. 


Plate  V. 


Plate  VI. 
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are,  in  our  opinion,  their  most  easily  recognized  distinctions.  The 
melting-point  test  by  itself,  as  already  pointed  out  by  Brown, 
Morris  and  Miller,*  is  unreliable,  and  has  led  to  serious  errors 
of  identification.  This  is  due  to  the  slight  differences  in  the  values 
in  the  case  of  many  of  the  sugars,  the  difficulty  in  getting  the 
exact  melting-points  owing  to  decomposition,  and  the  great  in- 
fluence of  very  small  amounts  of  impurities  difficult  to  remove. 

SUOAK  I«ABOmATORT,  MaSS.  INST. 

OF  Tbchnoloot. 


A  STUDY  IN  RAPFIN05B  DETERMINATIONS. 

By  David  L.  Davoll,  Jb.. 

R«c«lv6d  July  as,  1903. 

The  existence  of  several  methods  for  the  determination  of 
raffinose  in  the  presence  of  saccharose,  together  with  variable 
results  obtained  in  the  application  of  the  same  to  the  analysis  of 
the  same  product,  have  impelled  me  to  investigate  the  matter 
more  closely  after  the  close  of  the  "campaign."  As  the  result  of 
a  study  of  the  various  methods,  I  have  been  led  to  combine  the 
best  features  of  some  of  them  and  believe  that  I  have  succeeded 
in  applying  a  slight  modification  to  the  method  of  Clerget,  which 
will  secure  for  it  accurate  and  satisfactory  results  with  dark- 
colored  products.  The  modification  proposed  is  that  of  applying 
powdered  zinc  after  inversion  and  at  the  temperature  of  inversion, 
with  the  production  of  an  almost  colorless  solution  with  no 
change  in  the  products  of  the  hydrolysis  of  either  sucrose  or 
raffinose. 

As  the  basis  of  these  experiments  a  pure,  doubly  refined,  white 
sugar,  of  undoubted  cane  origin,  was  employed  and  a  commer- 
cial sample  of  raffinose  from  the  house  of  Kahlbaum.  The  cane- 
sugar  was  perfectly  free  from  invert-sugar  and  polarized  99.97 
per  cent,  pure  after  being  powdered  and  dried  at  a  temperature 
of  6o*.;po*  C 

The  one  sample  of  molasses  was  employed  throughout  the  work. 

Three  samples  of  animal  charcoal  were  purchased  from  a  re- 
liable Chicago  firm  and  in  original  packages  as  bottled  by  the 
German  firms  of  Merck  and  Dr.  Konig.  These  chars  were  dried 
to  constant  weight  before  use  at  a  temperature  between  115*  and 

<  /.  Ckem.  Soc  (I«ondon),  67, 709:  "  The  laomaltose  of  C.  J.  Lintner." 
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125**  C.  It  is  important  to  know  that  the  moisture  content  of 
these  chars  varied  from  7.17  per  cent,  to  25.7  per  cent. 

The  modern  double-field  S.  and  H.  instrument  employed  was 
very  recently  checked  by  means  of  a  quartz  plate  kindly  loaned 
by  the  Division  of  Chemistry,  U.  S.  Dept.  of  Ag^culture,  Wash- 
ington, D.  C,  and  all  important  points  on  the  scale  verified  by  a 
pure  sugar  standardized  against  the  quartz  of  90  per  cent,  polar- 
ization. The  levo-rotation,  when  checked  against  the  dextro- 
rotation, gave  the  same  figure  in  every  instance.  The  flasks 
used  were  all  restandardized  to  hold  100  Mohr  cc.  All  polariza- 
tions, both  direct  and  invert,  were  made  in  the  same  jacketed  200 
mm.  tube  and  at  the  standard  temperatures  of  17.5**  C.  (for  direct) 
and  20**  C.  (for  inverted)  so  as  to  avoid  all  corrections  for  varia- 
tion in  specific  rotation.  The  readings  as  given  are  averages  of 
at  least  five  separate  rereadings. 

Some  work  by  G.  Reinhardt,*  calling  attention  to  the  often 
increased  levo-rotation  where  char  is  used  for  decolorizing 
"rest"  molasses  arising  from  strontium  juices,  has  impelled  me 
to  apply  the  samples  of  char  mentioned  for  the  purpose  of  re- 
viewing his  findings.  Reinhardt  mentions  that  bone-black  has 
been  regarded,  up  to  the  present  time,  as  diminishing  levo-rota- 
tion by  absorption,  while  blood-char,  in  spite  of  its  superior  de- 
colorizing power,  had  to  be  given  up  because  of  high  absorption. 

Following  are  our  results  in  determining  the  effect  of  char  upon 
a  solution  of  pure  cane-sugar  after  hydrolysis  by  the  strict  method 
of  Clerget. 

Oriffinal  Calculated 

polaruation.  normal  basic 

(i)  Carbo  Sanguinis,  acido  depur.  pro 

analyse.    Dr.  Konig —16.41  —32.8a 

(2)  Animal  charcoal,  Merck,  highest 

purity,  dry —16.29  —32.58 

(3)  Animal  charcoal,  Merck,  reagent*      — i6.ai  — 32.42 

I  have  not  found  the  levo-rotation  diminished  by  Carbo  San- 
guinis, but  rather  slightly  increased.  Three  grams  of  all  chars 
were  used  and  the  vigorous  shaking  continued  five  minutes,  with 
three  minutes  allowed  for  filtration.  Reinhardt  found  slight 
diminution,  increasing  with  blood  char. 

1  G.  Reinhardt,  190a :  "Ueber  RaiBnosebcstlmmuniren/'  ZUckr.  d,Vtr,Jtir  d.  RAbem- 
guckerind.  d.  deutsch.  Retches^  a,  114. 
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Dr.  G.  Wiske  has  elaborated  Reinhardt's  investigation,  work- 
ing also  with  dextrose,  levulose  and  galactose  in  their  separate 
bdiavior  toward  chars.  Differing  with  Reinhardt,  he  finds  ab- 
solutely no  absorption  or  change  when  char  is  applied  five  minutes 
to  inverted  pure  sucrose.  He  explains  this  invariability  by  show- 
ing in  a  test  with  equivalent  quantities  of  levulose  and  dextrose 
that  the  notable  absorption  of  dextrose,  together  with  small  ab- 
sorption of  levulose,  mutually  counteract  any  error.  Where 
raffinose  is  present  the  results  are  different. 

Reinhardt  has  shown  that  with  rising  rafiinose  content  there  is 
increased  levo-rotation.  In  the  case  of  bright  after-products  hav- 
ing 2.5  per  cent,  raffinose  and  using  3  grams  of  "Klaerkohle" 
he  found  the  same  levo-rotation.  He  explains  this  by  saying  that 
the  absorptive  power  which  diminishes  the  levo-rotation  in  the 
case  of  inverted  pure  saccharose  is  compensated  by  the  simultane- 
ous increase  in  levo-rotation  of  inverted  raffinose;  also  due  to 
absorption ;  hence,  where  2.5  per  cent,  raffinose  is  present  the  re- 
sults are  correct,  while  with  less  than  2.5  per  cent,  too  little  sac- 
charose and  too  much  raffinose  is  found,  though  the  error  is  small, 
while  with  more  than  2.5  per  cent,  raffinose,  too  much  saccharose 
and  too  little  raffinose  is  found.  Reinhardt  further  considers 
that  high  levo-rotation  is  due  to  absorption  of  dextro-rotatory 
melibiose,  but  he  awaits  further  investigation. 

Wiske  has  also  imitated  a  mixture  of  raffinose  and  saccharose 
by  inverting  and  polarizing  a  mixture  of  saccharose,  levulose 
and  melibiose,  finding  a  very  strong  increase  in  levo-rotation  with 
use  of  char.  In  experiments  upon  mixtures  of  saccharose  and 
raffinose  as  they  occur  in  after-product  massecuites,  sugars  and 
"rest"  molasses,  he  finds  the  degree  of  absorption  to  be  entirely 
dependent  upon  the  quantity  of  raffinose  and  indifferent  to  the 
quantity  of  saccharose.  Employing  half-normal  and  3  grams  char, 
he  recommends  a  subtract! ve  correction  of  */,o  degree  for  every 
per  cent,  of  raffinose  above  2  per  cent. 

To  ascertain  the  comparative  effect  of  the  three  varieties  of 
char  upon  hydrolyzed  mixtures  of  pure  cane-sugar  and  raffinose, 
12.367  grams  cane-sugar  and  0.657  gram  raffinose  were  hydro- 
lyzed in  75  cc.  dilution,  according  to  the  strict  Clerget  method, 
shaking  five  minutes  with  3  grams  char  and  filtering  two  to  three 

1 G.  Wiake,  1903:  **Ueber  RaAnoMbettimmungen/*  Ztsehr.  d,  Ver^fS^rd,  RmbenMudUr- 
imd,  d.  demUcksm  XdcJUt. 
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minutes.    The  direct  polarization  of  a  normal  solution  of  such  a 
mixture  was  102.48  per  cent. 

Original       Calculftted       RalB. 
polamation.     normal.         nose.       Sncrote. 

Polarization  without  char —13.50        —27.00       4.16       94.77 

(i)  Carbo   Sanguinis,  acido  depur. 

pro  analyse.    Dr.  Konig  *  •  •  •  •   —13.57        —27.14       4.IX        94.87 

(2)  Animal  charcoal,  Merck,  highest 

purity,  dry — 13«70        — 27.40        3.9s        95.i6 

(3)  Animal  charcoal,  Merck,  reagent  — 14.00       —28.00       3.56       95.89 

The  samples  of  blood-char,  under  the  conditions,  produced  a 
levo-rotatioii  that  results  in  a  rafiinose  content  not  far  removed 
from  polarization  without  char,  which  may  be  explained  by  the 
absorption  of  dextro-  and  levo-rotatory  substances,  mutually  off- 
setting each  other. 

A  notable  increase  in  levo-rotation  will  be  shown  later  in 
further  comparative  tests. 

The  effect  of  time  as  a  factor  in  decolorizing,  is  shown  where 
Merck's  highest  purity  ohar  is  used  upon  the  molasses : 

Time  of  char   FUtra- 
diflreatlon.       tlon.  Original  Calcnlatcd 

Minutcii.     Minutes,    polansation.  nonnaL  Raffinoae.         Sucroae. 

(I) 5              7  —5.48  —10.96  3.58  43-97 

(2) 10             9  -5.51  —11.02  3.54  44-<H 

(3) 15              9  —5.55  — il.io  3.49  44.13 

(4)«'  Decoloration  by  rinc  —5.48  — ia96  3.58  43.97 

The  decoloration  after  fifteen  minutes,  while  slightly  more  than 
that  of  five  minutes,  was  not  worthy  of  consideration.  The  result 
in  (4)  is  that  obtained  by  the  action  of  i  gram  powdered  zinc  for 
three  to  four  minutes  at  69"*  G.  after  completion  of  inversion  by 
the  strict  method  of  Clerget  and  is  the  modification  I  would  pro^ 
pose  as  a  solution  of  the  vexatious  problem  of  bleaching.  It  is 
added  here  for  the  sake  of  comparison  and  will  be  referred  to 
later.  The  direct  polarization  of  this  molasses  was  50.6  per  cent., 
using  leid  -b-  acetate  as  a  precipitant,  with  and  without  acetic 
acidulation,  producing  identical  results  in  polarization. 

The  method  of  Lindet  as  modified  by  Courtonne  was  examined, 
but  gave  such  widely  varying  resuts  with  a  mixture  of  pure  cane- 
sugar  and  raffinose  that  the  results  obtained  upon  a  low  product, 
like  molasses,  may  be  credited  with  difiiculty.  The  method  is  as 
follows :  20  cc.  of  a  solution  containing  Vg  normal  of  the  sub- 
stance is  placed  in  a  50  cc.  flask,  and  5  grams  of  zinc  dust,  accu- 
rately weighed,  are  placed  in  the  flask.    Heat  the  flask  and  con- 
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tents  by  immersing  in  boiling  water.  Add  10  cc.  of  dilute  hydro- 
chloric acid  in  portions  of  about  2  cc.  at  a  time  and  as  frequently 
as  convenient.  Prepare  the  dilute  acid  by  adding  to  pure 
hydrochloric  add  (sp.  gr.  1.2)  an  equal  volume  of  distilled 
water.  Heat  a  few  minutes  after  the  last  addition  of  acid.  The 
undecomposed  zinc  occupies  a  volume  of  0.5  cc.  ;hence,  the  normal 
invert  reading  is  obtained  by  multiplying  by  2.475.  After  the 
inversion  is  completed,  cool  the  solution,  either  quickly  or  slowly, 
by  setting  aside.  Complete  the  volume  at  20*"  C.  Mix,  filter  and 
polarize  at  20^  C. 

In  his  original  article,  Lindet  directs  that  5  cc.  concentrated 
hydrochloric  acid  be  gradually  added  in  4  or  5  parts  at  intervals 
of  five  minutes,  and  that  the  zinc  be  filtered  off  before  dilution  to 
50  cc.  A  formula  is  given  for  use  with  the  Laurent  instrument. 
Spencer*  gives  a  formula  for  use  with  the  S.  and  H.  instrument  as 
follows : 


(i)  Sucrose 


_  C  --  0.493  A 


(2)  RaflBnose  = 


A  —  Sucrose 


0.827  '"'''  1.85 

where  A  =  the  direct  reading,  and  C  =  algebraic  sum  of  direct 
and  invert  reading. 

For  convenience,  all  calculations  based  upon  formulas  ( i )  and 
(2)  will  be  designated  "Lindet"  merely  to  distinguish  them  from 
Herzf  eld's. 

Results  obtained  by  the  Lindet-Courtonne  method  upon  a  mix- 
ture consisting  of  4.9468  grams  cane-sugar  and  0.2628  g^am 
raffinose  (total  =  Vs  normal)  in  20  cc.  distilled  water,  were  as 
fdlows : 

m#«uU  RAffinoae.  SaccharcMC. 

(Hcrc- 
feld) 

02  60     3  ^-  dilute  hvdrochlo- 
^  '  ric  acid  added  every 

four  to  five  minutes 
and  heated  five  min- 
utes additional ;  zinc 
filtered  out. 
The  above  repeated, 
but  the  zinc  not  tl 
tered  out. 
Whole  10  cc.  hydro- 
chloric add  added 
within  three  min- 
utes, and  heat  ap- 
plied twenty  min- 
utes in  all ;  zinc  noi 
filtered  out. 

(For  purpose  of  com- 
parison.) 
>  Spencer :  **  Handbook  for  Chemists  of  Beet-Sugar  Houses  and  Seed-Culture  Farms/' 


mven 
reading. 

Rcsnlt 

on 
normal. 

Raffinose. 
(I«in-       (Herz- 
det.)        feld.) 

Sacc 

—10.07 

—25.18 

4.97         5.33 

93«« 

—9.25        —22.89       6.47       6.81        9a5i        89.87 
—7.00        —17.32      10.05      10.40       83.89       83.23 


Result  by  Clerget 
method 


3.78       4.16       95.48       94.77 


>897. 
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These  results  show  that  the  method  is  totally  unreliable  with 
products  of  the  above  composition. 

The  Lindet-Courtonne  method  was  then  applied  to  the  molasses 
having  a  direct  polarization  of  50.6  per  cent,  and  which  by  Cler- 
get's  method,  using  3  grams  char  and  shaking  five  minutes,  gave 
3.58  per  cent,  raffinose  and  by  the  decolorization  with  i  gram  zinc, 
as  is  proposed,  also  3.58  per  cent,  raffinose. 

Original         Result  Raffinose.  Saccharose, 

invert  on  (Un-       (Hers-         (I^in-         (Hers- 

reading.       normal.  det.)        feld.)  det.)  feld.) 

-4.18       -10.45       3.76       3.91        43-65       43.36    ^tSd^ev^J^fi^'lSS 

tttes;  total  heating, 
twenty-five  minutes: 
cooling  quickly  ana 
filtering  out  sine 

-4.35        -10.77       3-55       3.70       44.04       43.74     *tdd?v.^1S2^''S£ 

utes  ;  total  heating, 
twenty-one  minutes; 
cooling  quickly  sine 
not  filtered  out. 

The  inversion  even  on  "rest"  molasses  varies  with  varying  con- 
ditions of  time,  etc.  The  results,  besides  varying  beyond  limits 
of  error  among  themselves,  vary  also  from  the  results  obtained 
by  the  standard  method,  as  shown  above,  where  chars  are  c<Mn- 
pared  upon  molasses.     . 

Perhaps  the  most  instructive  result  is  that  shown  in  the  follow- 
ing experiment,  where  are  compared:  (i)  The  strict  Clerget 
method  without  char;  (2)  the  strict  Clerget  method  with  3  grams 
of  Merck's  highest  purity  char  after  five  minutes'  shaking;  (3)  the 
Lindet-Courtonne  method,  adding  2  cc.  hydrochloric  acid  every 
four  minutes  and  heating  thirty  minutes  in  all;  (4)  the  Herles 
method,  using  10.6  cc.  lead  nitrate  solution  and  one-half  equiv- 
alent sodium  hydroxide;  (5)  the  proposed  modification  to  the 
strict  Clerget  method,  i.  e.,  addition  of  i  g^am  powdered  zinc. 
Each  100  cc.  of  original  solution  contained  11.4612  grams  pure 
cane-sugar  and  0.814  gram  raffinose.  It  was  the  intention  to  se- 
cure the  same  polarization  as  obtains  in  ordinary  "rest"  molasses 
with  a  content  of  2.5  per  cent,  raffinose.  With  the  exception  of  the 
Lindet-Courtonne  method,  50  cc.  of  the  original  solution  were 
taken  for  inversion.  With  the  Lindet-Courtonne  method,  the  pre- 
scribed 20  cc.  were  used  in  a  50  cc.  fiask  and  the  zinc  volume 
allowed  for. 
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Original 

Resnlts 

Direct 

Raffinow. 

Saccharose. 

invert 

of 

polari- 

(Wn- 

(Hert- 

(Un- 

(Her«- 

reading. 

normal. 

cation. 

det.) 

fcld.) 

det.) 

feld.) 

(I)  -5.87 

—11.74 

48.60 

2.65 

.... 

43.70  Strict 
Clerget. 

(2)  -6.39 

—12.78 

48.60 

\ 

■;• 

2.00 

44.91  Strict  Cler- 
get with 
char. 

(3)  -4.52 

—II. 19 

48.60 

2.86 

3.01 

43.32 

43.02  Lindet- 
Courtonne. 

(4)  -5.97 

-11.94 

47.47 

2.30 

.... 

43.22  Herles. 

(5)  -5.86 

-ir.72 

48.60 

... 

2.67 

.... 

43.65  Proposed 
method. 

With  the  strict  Clerget  method  and  use  of  char  the  increased 
leva-rotation  is  very  considerable  and  causes  a  very  notable  varia- 
tion in  sucrose  and  raffinose  from  the  truth.  The  Lindet-Cour- 
tonne  method,  while  not  showing  such  gfreat  variation,  is  still  un- 
satisfactory and  does  not  inspire  confidence;  furthermore,  the 
writer  finds  inversion  under  its  conditions  more  time-consuming 
than  under  any  other.  The  modification  to  Clerget's  method  that 
I  propose  seems  to  give  results  concurring  with  the  strict  Clerget 
method,  both  here  and  with  molasses ;  also  in  a  later  experiment, 
where  the  proportion  of  raffinose  is  increased. 

The  method  next  inquired  into  is  that  of  Herles,^  with  the  ob- 
ject of  ascertaining  its  action  where  raffinose  is  present.  No  com- 
parison was  made*  of  it  upon  inverted  pure  cane-sugar  solutions. 

Herles'  chief  objection  to  determinations  by  inversion  as  car- 
ried out  up  to  that  time  was,  that  clarification  by  means  of  lead 
acetate  for  direct  polarization  and  not  for  invert,  would  g^ve 
wrong  results,  because  optically  active  substances  are  precipi- 
tated in  the  operation  for  direct  polarization,  which  remain  in  the 
inverted  solution  and  either  retain  their  whole  opticiail  activity  or 
the  acid  changes  it,  or  perhaps  the  optical  activity  is  for  the  first 
time  developed  during  inversion. 

Degener  has  shown  that  invert  sugar  by  evaporation,  even  in 
vacuo,  loses  its  theoretical  levo-rotation  and  finally  becomes  dex- 
tro-rotatory, which,  by  treatment  with  hydrochloric  acid,  accord- 
ing to  Clerget,  soon  takes  on  its  original  levo-rotation ;  hence,  it 
affects  only  the  invert  reading. 

Herles  states  that  lead  nitrate  remaining  in  excess  as  such  has 
only  insignificant  action,  and  Herzfeld  admits  that  the  action  is 

1  Herlea,  1890 :  **Uebcr  die  Bestimmnng  dea  Zuckera  dnrch  die  Inversionamethode/* 
ZUeAr.  d.  Ver.fUr  d,  RubenMuekerind.  d.  deutsch,  Rtidut^  p.  217. 
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small.  Herzfeld  states  that  sodium  nitrate  heightens  the  polariza- 
tion and,  while  admitting  that  basic  lead  nitrate  is  a  remarkable 
decolorizer,  affirms  that  it  carries  down  sugar  with  it,  especially 
if  the  alkali  be  added  all  at  once,  and  even  a  little  if  it  be  added 
drop-wise.  Neutral  salts,  with  the  exception  of  the  acetates,  in- 
crease the  levo-rotation,  but  the  acetates  reduce  the  free  hydro- 
chloric acid  and  thus  lower  inverting  or  hydrolyzing  power; 
hence,  Herles  was  led  to  consider  PbOHNO,  as  the  most  suitable 
form.  He  used  "a  lead  nitrate  solution  of  1.3856  specific  gravity 
(or  about  saturated),  and  in  which  i  cc.  =  0.3102  lead."  This 
could  not  be  correct,  since  a  stronger  solution  of  lead  nitrate,  1.  e., 
specific  gravity  1.414,  and  containing  35  per  cent,  lead  nitrate  only 
contains  the  equivalent  of  0.3094  gram  lead. 

He  distinctly  states  that  the  solution  should  not  be  alkaline,  as 
lead  saccharate  would  be  precipitated  and,  while  proving  that  re- 
sulting potassium  nitrate  causes  increased  levo-rotation,  belittles 
it  by  adding  that  the  solutions  are  always  Weak  in  sugar  where 
much  potassium  nitrate  is  formed. 

The  solution  of  lead  nitrate  used  for  this  experiment  had  a 
specific  gravity  of  1.33233  and  contained  the  equivalent  of  0.2488 
gram  lead  or  0.398  gram  lead  nitrate,  equaling  29.872  per  cent. 
Accordingly,  i  cc.  of  this  lead  nitrate,  to  form  the  stipulated 
basic  salt,  will  require  1.202  cc.  normal  sodium  hydroxide,  or 
where  the  standard  alkali  has  a  corrective  factor  of  1.061  as  in 
this  instance,  1.133  cc.  A  normal  of  molasses  was  weighed  out, 
and  after  dilution  to  about  70  cc.  the  specified  quantities  of  lead 
nitrate  solution  added  and  then  the  alkali  solution  gradually  and 
with  rotation  of  flask,  when  all  was  carefully  diluted  to  exactly 
100  cc.  at  17.5*'  C.  10.6  cc.  lead  solution  and  12  cc.  alkali  solution 
cleared  the  solution  perfectly  and  left  no  excess  of  alkali. 

Pb(NO,)s  NaOH 

•olutiou.        solution.  Direct  Invert 

cc.  cc.  readinflf.  reading.  Raflinose.     Saccharose. 

(O 9.00  "  50.75  —586  3.77  43-77 

(2) 10.60      12      51.10      —5-86      3-85      43-98 

(3) ".00      12      50.99      —5.86      3.82      43.92 

In  samples  (2)  and  (3),  considerable  lead  chloride  was  thrown 
down.  In  such  work  of  Herles  as  has  come  under  our  notice,  the 
absence  of  very  specific  directions  as  to  the  limits  of  lead  to  be 
used,  has  left  us  without  much  information,  and  an  intimate  study 
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of  the  best  conditions  is  not  warranted,  as  the  process  has  the 
serious  defects  already  referred  to. 

The  direct  polarization  on  the  same  sample  varies  quite  a  little 
from  that  where  lead  basic  acetate  is  used  (t.  e,,  50.6  per  cent,  pol.) 
which  may  be  accounted  for  by  the  action  of  the  lead  salt  upon 
the  invert  sugar  present,  which  is  a  trifle  less  than  2  per  cent. 
In  the  former  table,  where  the  five  methods  are  compared,  we 
have  shown  a  reduction  from  48.6  to  47.47  per  cent,  polarization 
where  basic  lead  nitrate  was  used;  hence,  this  is  probably  more 
than  compensated  for  by  the  modified  levulose  rotation.  To  re- 
capitulate, the  results  obtained  so  far  by  the  diflferent  methods 
upon  molasses,  we  have : 

RaflSiioM.  SaccbAroie. 

Strict  Clef^get,  with  char 3.58  43.97 

Proposed  method,  adding  zinc 3.58  43-97 

Lindet-Conrtonne,  varying  conditions. . . .  r  3.91  43>36 


(391 
13-70 


with  Herzfeld's  formula.  •  • .  1 3.70  43>74 

Merles'  method,  applied 3.85  43-98  J^Ti'S»3SX>xide. 

The  next  experiment  shows  (i)  the  absorbent  effect  of  char 
upon  the  products  of  the  hydrolysis  of  pure  saccharose  and  pure 
rafiinose  when  they  are  mixed  in  varying  proportions;  also  (2) 
results  by  the  proposed  new  zinc  modification  to  the  strict  Clerget 
method,  when  compared  with  the  strict  Clerget  method  without 
the  use  of  char. 

Invert  Invert 

reading  reading 
Direct          without  with 

reading.  rhar.  char. 

25.62  — 6.62  —7.01    Used  0.3285  gram  raffinoae  and  6.  1835  grams 

sugar. 


4a6o         —5.87  —6.39  [17.1917  grams  sugar 

48.60         -5.87  ....     PropoMdzincmodifi-j     J^ffin^^"    ^""* 

53.40         —4.58         —5.57  ri7.i9i7  grams  sugar 

53.40         —4.57  ••••     Proposed  zinc  raodifi-i     and    2.442  grams 

cation.  I     raffinosc. 

The  zinc  in  the  presence  of  the  hot  hydrochloric  acid  at  69**  C. 
has,  therefore,  absolutely  no  effect  upon  the  products  of  the 
hydrolysis  of  saccharose  and  rafiinose.  ,  It  has  been  found  advis- 
able to  filter  out,  by  means  of  a  very  small  tuft  of  cotton,  the 
residue  from  the  i  gram  of  zinc  left  after  cooling  to  2<f  C,  with 
quantitative  washing,  of  course,  since  the  continued,  slow  evolu- 
tion of  hydrogen  may  disturb  proper  dilution  to  the  mark. 
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The  author  wishes  to  add  some  tests  made  upon  the  correctness 
of  Herzfeld's  formula  for  the  temperature  correction  for  raffinose : 

As  Applibd  to  Hydroi,yzed  Half-Norm ai,  Canb-Sugar  in  ioo  cc. 

Temperature. 

17.2 
20.0 
30.9 
21.6 

As  Appubd  to  Mizturb  op  12.367  Grams  Cane-Sugar  and  0.657  Gram 
Raffinosb  in  ioo  cc.  Dilution. 

Temperature.  Original  Calculated  to  9cP  C. 

^.  reading.  normal  inveraioa. 

16.4  —14.40  —27.00 

20.0  -— 13-50  —27.00 

23.0  —12.78  —26.97 

It  is  not  advisable  to  make  the  polarization  at  any  temperature 
without  the  use  of  the  jacketed  tube. 

Caro.  Michigan, 
April  aa,  1903. 


Dilution. 

Original 
reaaing. 

Calculated  XovfiQ, 

normal  in  version. 

—17.06 

—32.59 

—16.32 

—32.64 

—16.07 

—32.59 

-15.93 

-32.66 

[Contribution  from  the  Bureau  of  Chemistry,  Laboratory  of  In- 
secticides AND  Agricultural  Waters,  U.  S.  Deft,  of 
Agriculture,  No.  52.— Sent  by  H.  W.  Wiley.] 

A  COnPARATIVE  STUDY  OF  HETHOOS  OF  DETERMININQ 
FORMALDEHYDE. 

By  Bernard  H.  Smith. 
ReodTed  Juac  16.  igo}. 

The  uses  of  formaldehyde  have  widely  increased  during  the 
past  few  years.  As  a  disinfectant  it  has  come  to  be  used  in 
enormous  quantities  by  health  inspectors,  its  vapor  or  a  dilute 
solution  destroying  many  kinds  of  pathogenic  bacteria;  as  a 
preservative  it  is  one  of  the  most  effective  and  one  of  the  most 
convenient  to  use;  it  is  an  important  fungicide,  the  agriculturist 
finding  it  a  valuable  aid  in  combatting  certain  plant  diseases, 
while  as  an  insecticide  it  rids  man  of  those  insects,  often  more 
plentiful  than  appreciated,  that  choose  to  live  in  the  crevices  close 
to  his  food  or  his  bed. 

With  the  increasing  use  of  formaldehyde,  many  new  methods 
have  been  suggested  for  its  quantitative  determination.  While 
some  of  these  are  rather  difficult  of  manipulation  or  have  other 
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drawbacks,  others  are  of  great  value.  With  the  view  of  deter- 
mining, if  possible,  which  of  the  commonly  used  methods  was 
the  most  accurate  and  which  could  be  applied  to  strong  and  which 
to  weak  solutions  with  the  greatest  convenience,  this  study  was 
undertaken. 

The  solutions  were  made  up  in  large  quantities  and  kept  closely 
stoppered,  the  same  solutions  being  employed  in  all  the  methods 
tested.  The  strongest  of  these  was  the  commercial  formalin  ad- 
vertised to  contain  40  per  cent,  formaldehyde.  The  others  con- 
tained approximately  15  per  cent.,  10  per  cent.,  5  per  cent.,  i  i>er 
c^t-»  Vi*  P^r  cent.,  and  Vioo  P^'*  cent.  It  should  be  stated  that  the 
last  three  were  made  up  quite  accurately,  while  the  others  oontained 
somewhat  less  than  the  percentages  given.  The  methods  worked 
with  up  to  the  present  time  are  as  follows :  The  Blank  and  Fin- 
kenbeiner,  the  Legler,  the  gravimetric  hexamethylenetetramine, 
the  iodiometric,  the  potassium  cyanide  and  the  volumetric  aniline 
method.  In  the  following  tables,  Roman  numerals  are  used  to 
indicate  the  solutions,  the  strongest  being  I,  the  second  strongest 
II,  and  so  on  to  VII. 

THE  BLANK  AND  FINKENBEINER  METHOD.^ 

This  method  is  as  follows : 

About  3  grams  of  the  formaldehyde  solution  are  weighed  into 
a  flask  containing  25  cc.  of  double  normal  sodium  hydroxide. 
Then  50  cc.  of  hydrogen  peroxide  of  approximately  3  per  cent, 
strength  is  added  cautiously,  the  addition  lasting  three  minutes. 
The  hydrogen  peroxide  oxidizes  the  formaldehyde  to  formic  acid, 
which  in  turn  is  neutralized  by  the  sodium  hydroxide  present, 
as  shown  in  the  following  equation : 

H,0,  +  CH2O  +  NaOH  =  NaOOCH  +  2H,0. 

The  excess  of  alkali  is  titrated  with  twice  normal  sulphuric 
acid,  using  litmus  as  indicator. 

The  following  results  were  obtained : 


I. 

Per  cert. 

n. 

Per  cent. 

III. 
Per  cent. 

IV. 
Per  cent. 

V. 
Per  cent. 

VI. 
Per  cent. 

VII. 
Per  cent. 

37.2S 
37.27 
37.33 

14.43 
14.45 
14.48 

9.74 
9.80 
9.67 

4.86 
4.81 
4.75 

1.02 
1. 01 
1.05 

... 

... 

It  is  important  that  a  few  minutes  should  elapse  after  the  addi- 
tion of  the  hydrogen  peroxide  for  the  titration. 

1  Ber.  d.  dUm.  Gtt.^  31,  17,  3979  (1898). 
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THE  LECLER  METHOD.* 

A  definite  quantity  of  the  formaldehyde  solution  is  placed  in 
a  flask  containing^  more  normal  ammonia  than  is  required  for 
the  formation  of  the  corresponding  hexamethylenetetramine, 
which  is  formed  as  follows : 

6CH,0  +  4NH,  =  (CH,)eN,  +  6H,0. 

After  standing,  the  excess  of  ammonia  is  titrated  back,  using 
rosolic  acid  as  indicator. 

Results  were  obtained  with  this  method  as  follows : 

I.  n.  III.  IV.  V.  VI.  VII. 

Percent.  Percent.  Percent.  Percent.       Percent.      Percent.       Percent. 

36.99  14.44             9.62  4.55 

37.08  14.50             9.72  4.42 

37.14  14.40             9.82  4.33 

Concordant  results  were  hard  to  obtain  with  solutions  of  less 
than  5  per  cent,  in  strength,  though  with  the  stronger  solutions 
the  results  were  very  good.  Care  must  be  exercised  to  prevent 
loss  of  ammonia  and  the  end-point  is  rather  unsatisfactory.  In 
this  work,  the  determinations  were  allowed  to  stand  twenty-four 
hours,  which  gives  practically  identical  results  with  the  one-hour 
boiling  modification  used  by  Craig.'  The  boiling  and  cooling 
scheme  suggested  by  the  latter  largely  offsets  the  strongest  ad- 
vantage of  the  method,  that  of  ease  of  manipulation.  In  the  com- 
parison of  this  method  with  that  of  Blank  and  Finkenbeiner's 
in  the  same  article,  the  Legler  method  is  shown  to  give  slightly 
higher  results.  Though  the  two  methods  are  in  "practical  accord*' 
as  he  suggests,  in  the  writer's  comparisons  the  hydrogen  peroxide 
method  almost  invariably  gave  higher  results. 

THE  GRAVIMETRIC  HEXAMETHYLENETETRAMINE  METHOD.* 

"Ten  grams  of  the  formaldehyde  solution  are  weighed  into  a 
flask  and  treated  with  an  excess  of  standard  ammonium  hydroxide 
solution.  The  corked  flask  is  shaken  at  intervals  for  several  days. 
By  this  means  the  whole  of  the  formaldehyde  is  converted  into 
hexamethylenetetramine.  The  solution  is  then  transferred  to  a 
weighed  platinum  dish,  evaporated  at  a  low  heat — ^below  100**  C, 
nearly  to  dryness,  and  the  drying  finished  in  a  desiccator." 

1  Bet.  d.  chem.  Ges.^  i6,  X333  (1883). 

>  This  Journal.  23,  638  (1901). 

*  Annual  Report,  Conn.  Bxpt.  StaUon,  1899,  p.  143. 


Percent. 

Percent. 

Per  cent. 

41.83 

40.34 

39.46 

36.35 

35.91 

35.60 
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Haywood*  has  recently  shown  that  this  method  is  unsatis- 
factory, owing  to  the  fact  that  there  is  a  continual  loss  of  weight 
of  the  hexamethylenetetramine  when  left  in  the  desiccator.  The 
following  determination,  made  on  Solution  I,  is  typical  of  the 
results  obtained  by  the  author.  After  evaporating  nearly  to  dry- 
ness, the  dish  was  placed  in  a  desiccator  and  weighed  at  intervals 
of  forty-eight  hours,  the  weights  obtained  giving  the  following 
percentages  of  formaldehyde : 

Percent      Percent.     Percent.       Percent. 
38.70  38.02  37.40  36.87 

3524  34.90  

The  weighing  was  here  discontinued,  as  the  last  figures  are 
obviously  below  the  percentage  of  formaldehyde  contained  in  the 
solution. 

lODIOMETRIC  METHOD.* 

The  method  used  is  a  slight  modification  of  the  one  originally 
proposed  by  Romijn,'  and  is  as  follows : 

"Thirty  cc.  normal  sodium  hydroxide  and  5  cc.  of  the  dilute 
formaldehyde  solution  are  placed  in  a  well-stoppered  bottle  and 
N/5  iodine  (40  to  70  cc.)' added  until  the  liquid  becomes  yellow. 
After  shaking  for  a  minute,  the  liquid  is  acidified  with  40  cc.  of 
normal  acid  and  the  residual  iodine  titrated  with  N/io  thiosul- 
phate.    A  blank  titration  should  be  made." 

In  the  presence  of  an  alkali,  iodine  acts  indirectly  as  an 
oxidizing  ag«nt,  giving,  when  formaldehyde  is  present,  the  iodide 
of  the  base  and  formic  acid.  The  following  equation  illustrates 
the  reaction : 

CH,0  +  2I  +  2NaOH  =  2NaI  -f  CHOOH  +  H^O. 

A  solution  containing  as  much  as  5  per  cent,  formaldehyde  may 
be  determined  without  dilution  by  this  method,  provided  that  not 
more  than  2  grams  of  the  solution  are  used.  In  the  following 
table,  weighed  portions  of  the  three  strongest  solutions  were 
diluted  to  contain  approximately  i  per  cent,  of  formaldehyde  and 
the  diluted  solutions  were  used  for  the  analysis. 

1  Balletin  No.  73*  Bureau  of  Chemistry^  Department  of  Agriculture,  * '  Report  of  Referee 
OB  Iniecticides  and  Fungicides  before  Official  Association  of  Agricultural  Chemistn."  190a. 

*  ZUcikr.  anal.  Chem.^  39, 60-63  (1900). 

•  /*irf..  36.  i8-a4  (1897). 
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I. 

II. 

III. 

IV.                  V. 

VI. 

VII. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent.      Per  cent. 

Per  cent. 

36.94 

14.36 

9.60 

4.53             0.98 

0.095 

37.06 

14.46 

9.58 

4.60             0.96 

0.089 

... 

... 

9.64 

4.62 

0.094 

... 

THE  POTASSIUM  CYANIDE  METHOD.^ 

This  is  another  method  which  is  applicable  to  solutions  con- 
taining but  small  quantities  of  formaldehyde.  According  to  the 
originator  of  the  method  it  depends  upon  the  fact  that  formal- 
dehyde combines  with  potassium  cyanide  to  form  an  additional 
product,  represented  ^y  the  following : 

H 

CH,0  +  KCN  =  N=C  — C-O-K. 

I 
H 

In  the  determination,  the  formaldehyde  is  mixed  with  a  known 
quantity  of  potassium  cyanide,  the  latter  being  in  excess.  If 
this  mixture  is  added  to  an  excess  of  silver  nitrate  the  uncom- 
bined  cyanide  is  precipitated  as  silver  cyanide.  By  using  a  stand- 
ard silver  nitrate  solution  and  titrating  the  excess,  we  can  easily 
calculate  the  amount  of  potassium  cyanide  used  by  the  formal- 
dehyde, and  accordingly  can  determine  the  amount  of  formalde- 
hyde present.  The  method  is  as  follows:  Ten  cc.  of  N/io  silver 
nitrate  are  treated  with  six  drops  of  50  per  cent,  nitric  acid  in  a 
50  cc.  flask.  Ten  cc.  of  a  solution  of  potassium  cyanide  (con- 
taining 3.1  grams  of  KCN  in  500  cc.  of  water)  are  then  added 
and  well  shaken.  An  aliquot  portion  of  the  filtrate,  say  25  cc,  is 
titrated  according  to  the  method  of  Volhard  with  an  N/io 
solution  of  ammonium  sulphocyanate  for  excess  of  silver. 
Another  10  cc.  portion  of  N/io  silver  nitrate  is  acidified  with 
nitric  acid  and  treated  with  10  cc.  of  the  potassium  cyanide  solu- 
tion to  which  has  been  added  a  measured  quantity  of  the  dilute 
formaldehyde  solution.  The  whole  is  made  to  50  cc.  and  a  25 
cc.  filtrate  from  it  titrated  with  N/io  ammonium  sulphocyanate 
for  the  excess  of  silver,  as  before.  The  difference  between  these 
two  results  multiplied  by  2  gives  the  amount  of  potassium 
cyanide  that  has  been  used  by  the  formaldehyde  in  terms  of  N/io 
ammonium  sulphocyanate. 

1  Ztsckr.  anal  Chem.,  36.  18-24  (1897). 


METHODS  OF  DETERMINING  FORMALDEHYDE.  IO33 

In  obtaining  the  following  results,  all  solutions  containing  more 
than  I  per  cent,  were  diluted. 


I. 

Percent. 

II. 
Per  cent. 

III. 
Per  cent. 

IV. 
Per  cent. 

V. 
Per  cent. 

VI. 
Percent. 

VII. 
Per  cent. 

37." 

14.40 

9.61 

4.60 

1.002 

0.102 

0.0099 

37.07 
37.18 

14.55 
14.48 

963 
9.59 

4.54 
4.64 

0.972 
0.99 

0.102 

0.0099 

With  solutions  of  i  per  cent,  strength  it  was  found  necessary 
to  use  15  cc.  of  silver  nitrate.  It  is  preferable  to  add  six  or  eight 
drq)s  of  nitric  acid  instead  of  two  as  used  by  Romijn,  as  the 
titration  is  sharper  when  the  solution  is  more  strongly  acid.  In 
working  with  Solution  VII,  a  200  cc.  flask  was  used  iiistead 
of  the  50  cc.  flask,  and  lOO  cc.  of  the  filtrate  titrated. 

Attention  should  be  called  to  the  fact  that  the  directions  for 
using  this  method,  as  given  in  Allen's  "Commercial  Organic 
Analysis,"*  which  were  taken  from  a  review  that  appeared  in  the 
Analyst,^  are  not  explicit.  The  essential  feature  of  the  method  be- 
ing that  formaldehyde  forms  an  additional  product  with  potas- 
sium cyanide,  the  formaldehyde  solution  must  be  mixed  with 
the  cyanide  solution  and  the  mixture  added  to  the  silver  nitrate. 
This  is  not  made  clear  in  the  article  referred  to.  In  the  same 
translation  another  error  is  introduced  in  that  the  operator  is  told 
to  dilute  to  500  cc,  instead  of  50  cc,  as  in  the  original  article. 

THE  ANILINE  VOLUMETRIC   METHOD.' 

If  formaldehyde  be  treated  with  an  aqueous  solution  of  aniline^ 
methylene  aniline  is  precipitated,  as  illustrated  by  the  following : 

C.H,NH,  +  CH,0  =  CeH.NCH,  +  H,0. 

Following  is  the  method  of  procedure : 

"Four  hundred  cc.  of  aniline  solution,  containing  3  grams  of 
aniline  per  liter,  are  placed  in  a  flask  and  i  cc.  of  formaldehyde 
solution  added,  by  drops,  with  shaking.  The  mixture  is  made  up 
to  500  cc  and  after  some  time  filtered.  The  excess  of  aniline  is 
then  estimated  in  50  cc,  taking  as  the  end-point  that  at  which  the 
red  color  acquires  a  strong  bluish  tone,  remaining  unaltered  on 
further  addition  of  acid." 

The  end-point  in  this  titration  is  quite  indefinite,  the  "bluish 

>  Third  edition,  p.  321. 
^Anafysi,  93,  231  (1897). 
^Pkarrn.  Ztg.,  40,  611  (1895). 
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tone"  developing  very  gradually.     After  repeated  unsuccessful 
trials,  the  attempt  to  use  the  method  was  abandoned. 

Four  of  the  methods  are  summarized  in  the  following  table, 
which  gives  the  average  percentages  of  formaldehyde  found  in 
the  solutions  used,  and  also  shows  the  working  range  of  each 
when  no  dilutions  are  made. 

1.  11.  III.  IV.  V.  VI.  VII. 

Method.  Per  cent.  Percent.  Percent.  Percent.  Percent.  Percent.  Percent. 

H,Os 37.33  14.45       9-74      4.81           

Legler 37.07  14.45      9.65      4.43          

lodiometric 4.55  0.97        0.093 

Potpssium  cyanide  •       •••  0.988      0.102     0.0099 

The  following  conclusions  may  be  drawn  from  the  comparisons 
made  : 

First,  the  Blank  and  Finkenbeiner  method  is  very  satisfactory 
for  strong  solutions. 

Second,  the  Legler  method,  while  not  giving  quite  as  high  re- 
sults as  the  former,  is  fairly  satisfactory. 

Third,  the  gravimetric  hexamethylenetetramine  method  is  prac- 
tically worthless. 

Fourth,  the  iodiometric  and  the  potassium  cyanide  methods 
give  good  results  on  dilute  solutions.  It  should  be  remembered 
that  in  diluting  strong  solutions  to  the  range  of  these  methods, 
a  small  error  in  weighing  may  be  considerably  multiplied.  The 
potassium  cyanide  method  is  best  adapted  to  the  estimation  of 
very  small  quantities  of  formaldehyde,  it  being  possible  to  deter- 
mine with  accuracy  i  part  in  100,000. 

Fifth,  in  the  hands  of  the  writer,  the  end-point  of  the  aniline 
volumetric  method  was  impossible  to  read. 

Since  preparing  the  foregoing  paper  there  has  come  to  my 
attention  an  article  reviewed  in  the  Zeitschrift  fi'ir  angewandte 
Chemic,  April  7,  1903,  the  original  article  having  appeared  in 
the  Deutsche  Gcrbcr  Zeitung,  1-4,  6,  8,  12.  The  author,  C.  Wali- 
ng tz,  has  compared  seven  commonly  used  methods  of  determining 
formaldehyde  and  has  arrived  at  the  following  conclusions :  That 
the  hydrogen  peroxide  and  the  iodine  methods  are  superior  to 
the  others  tested  when  the  reagents  are  freshly  prepared;  that 
the  ammonium  chloride^  method,  the  Legler  ammonium  method, 

J  Hugo  Schiff :  Ch^m.  Ztg„  37,  14.  Jan.  7, 1903. 
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and  the  aniline  volumetric  method  all  lack  distinctness  in  the  end- 
point  readings;  and  further,  that  the  gravimetric  silver  nitrate 
method  of  L.  Vanino  is  practically  useless,  not  being  exact  in  its 
results. 

The  potassium  C3ranide  method,  which  is  one  of  the  most  accu- 
rate, was  not  included  in  this  investigation. 
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SBCTICIDBS  AND  AGRICUI,TURAI,  WaTBRS,  NO.  53.--SBNT  BY   H.  W. 

Wiley.] 
THE  ESTIMATION  OF  POR/IALDEHYDE  IN  illLK. 

Bt  Bs&zrARD  H.  Smith. 

Recdred  June  a6.  1903. 

Formaldehyde  is  added  to  milk  as  a  preservative  more  than  to 
any  other  food.  Its  quantitative  determination  in  this  universally 
used  product  is,  therefore,  of  the  greatest  importance. 

Formaldehyde  distils  slowly  even  from  an  aqueous  solution. 
When  it  is  added  to  milk,  and  has  combined  to  a  greater  or  less 
extent  with  the  albuminoids  present,  the  rate  of  distillation  is 
naturally  slower  still.  Should  the  distillation  be  continued  until 
four-fifths  of  the  volume  taken  has  been  driven  over,  which  is  as 
much  as  can  be  distilled  conveniently,  all  of  the  formaldehyde 
will  not  have  been  recovered.  The  distillation  is,  moreover,  a 
troublesome  one,  owing  to  the  frothing  and  bumping  of  the  boil- 
ing milk.  The  writer  has  found  that  the  latter  can  be  largely  ob- 
viated by  using  with  the  ordinary  condenser  a  500  cc.  Kjeldahl 
nitrogen  flask  and  a  round,  flat  evaporating  burner.  With  this  ap- 
paratus the  distillation  proceeds  quietly  and  without  difficulty. 

In  an  article  by  Leonard  and  Smith^  results  are  given  showing 
that  the  addition  of  "a  few  drops  of  dilute  sulphuric  acid"  largely 
increased  the  amount  of  formaldehyde  recovered  during  the  first 
part  of  the  distillation.  In  their  experiments  100  cc.  of  milk  were 
used  containing  i  part  in  100,000  of  formaldehyde,  and  three  por- 
tions of  the  distillate  of  20  cc.  each  were  collected.  Nearly  one- 
third  of  the  formaldehyde  present  was  found  in  the  first  20  cc. 
of  the  distillate. 

In  attempting  to  make  use  of  this  suggestion  the  writer  found 
that  the  amount  of  sulphuric  acid  present  had  a  great  influence 
on  thc'amount  of  formaldehyde  found  in  the  first  20  cc.  of  the 
distillate,  as  is  shown  by  the  following  table : 

0.3  cc.  dilute  t  cc.  dilute  s  cc.  dilute  ao  cc.  HtS04 

HtS04(i:3).  H,S04(i:3)-  HtSO^drs).    •         not  diluted. 

Percent.  Percent.  Percent.  Percent. 

24  32.5  18  None 

This  would  tend  to  show  that  in  obtaining  maximum  results 
the  quantity  of.  sulphuric  acid  added  is  an  important  factor,  and 
that  while  the  milk  should  be  more  than  simply  acid,  an  excess  of 

»  Attafysi,  ja,  5  (1897). 
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acid  is  to  be  Avoided.  In  subsequent  work,  i  cc.  of  sulphuric 
acid  of  a  dilution  of  i  :  3  was  used  with  lOp  cc.  of  milk.  One-fifth 
portions,  or  20.02  cc.  were  collected  and  analyzed,  using  the  potas- 
sium cyanide  method.^ 

The  following  work  was  undertaken  in  an  attempt  to  decide 
as  to  whether  milk,  containing  formalddiyde,  would  yield  the 
same  amounts  in  the  first  20  cc.  of  distillate,  after  standing  some 
time,  as  upon  immediate  distillation,  and  also  as  to  whether  differ- 
ent samples  of  milk  containing  various  amounts  of  formalddiyde 
would  give  it  up  in  the  first  20  cc.  of  the  distillate  in  direct  #pro- 
portion  to  the  amount  they  originally  contained. 

Four  samples  of  fresh  milk  were  treated  with  formaldehyde 
so  that  they  contained  i  part  in  5,000,  i  part  in  10,000,  1 
part  in  25,000,  and  i  part  in  50,000.  One  hundred  cc.  portions 
of  each  were  distilled  immediately,  others  at  the  end  of  twenty- 
four  and  forty-eight  hours.  The  latter  in  the  intervening  time 
were  kept  in  a  cool  place.  The  following  percentages  of  the  total 
formaldehyde  added  were  obtained  in  the  first  20  cc.  of  the  dis- 
tillates. 

I  part  in        i  part  in      i  pfttt  in       i  part  in        

5(000.  10,000.  ^000.  50,000.       Averages. 

Percent      Percent.      Percent.      Percent.      Percent. 

Detemnncd immediately..  31.50         33*90         36.10         41.00         35*62 

After  24  hours 30.60         32.00         32.80         37.50         33.22 

AAer  48  hours 30.75  31.50         35.00         36.00         33.31 

From  the  average  column  on  the  right,  it  is  seen  that  the 
average  results  on  milk  that  has  stood  a  short  time  after  the  addi- 
tion of  the  formaldehyde  are  very  close  to  33V»  per  cent. 
The  next  column  shows  that  the  samples  of  milk  containing 
the  least  formaldehyde  give  the  4iighest  percentages  of  the  total 
amount  present.  The  table  shows,  furthermore,  that  if  milk  con- 
taining formaldehyde  is  kept  cool,  it  may  stand  one  or  two  days 
at  least  without  altering  the  amount  obtained  on  analysis.  A  trial 
proved  that  when  milk  containing  formaldehyde  is  subjected  to 
a  warm  and  varying  temperature,  the  amount  of  formaldehyde 
recovered  by  distillation  in  the  first  20  cc.  decreases  so  that  at  the 
end  of  forty-eight  hours  only  18  or  20  per  cent,  will  be  found, 
instead  of  approximately  33. 

The  following  chart,  the  data  for  which  were  compiled  from  a 
number  of  analyses,  gives  the  curves  showing  the  rapidity  of  the 

^  See  tbe  preceding  paper,  p.  2032. 
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distillation  of  formaldehyde  from  milk  containing  i  part  in 
10,000.  The  ordinates  represent  the  per  cent,  of  the  total  formal- 
dehyde present,  and  the  abcissas  the  amount  of  distillates. 

The  line  A  is  the  curve  obtained  from  milk  after  the  addition 
of  I  cc.  of  the  dilute  acid,  while  B  is  the  one  obtained  from  milk 
without  the  addition  of  add. 

In  Summarizing,  it  may  be  said  that  considerable  time  and 
trouble  may  be  saved  by  using  a  Kjeldahl  flask  and  a  round,  flat 


1^         tJL        ^         ^Hk 

AOCC.    AOCC.     ^X)CO.    MCO.   f^9C 


evaporating  burner  in  the  distillation  of  milk;  that  the  quantity 
of  sulphuric  acid  added  has  a  decided  effect  upon  the  amount  of 
formaldehyde  obtained  in  the  first  part  of  the  distillation;  that 
if  the  treated  milk  is  kept  in  a  cool  place,  the  percentage  of 
formaldehyde  found  will  remain  practically  constant  for  at  least 
forty-eight  hours;  and  that  where  100  cc.  of  milk  are  treated 
with  I  cc.  of  sulphuric  acid  of  a  dilution  of  i  :  3  and  distilled, 
the  first  20  cc.  of  the  distillate  will  contain  very  close  to  33^/3  per 
cent,  of  the  total  formaldehyde  present. 

The  author  wishes  to  acknowledge  the  valuable  suggestions 
of  Dr.  H.  W.  Wiley,  under  whose  direction  this  and  the  foregoing 
article  have  been  prepared. 


[Contribution  from  thb  John  Harrison  Laboratory  of  Chemistry, 

No.  73.] 

THE  ELECTROLYTIC  PRECIPITATION  OF   NICKEL   FROM 

PHOSPHATE  SOLUTIONS.* 

Bt  Walter  T.  Taooakt. 

Reoeived  July  6, 1903. 

Nickel  has  been  quantitatively  precipitated  in  the  electrolytic 
way  from  various  electrolytes.*  The  purpose  of  this  particular 
investigation  was  to  ascertain  the  exact  conditions  under  which 
this  metal  could  be  deposited  from  phosphate  solutions  without 
carrying  down  phosphorus  with  it;  also  to  effect,  if  possible, 
separations  of  nickel  from  other  metals  in  the  same  electrolyte. 
The  method  pursued  consisted  in  precipitating  nickel  sulphate 
solutions  with  varying  amounts  of  disodium  hydrogen  phosphate 
of  1.038  specific  gravity,  dissolving  the  precipitate  in  phosphoric 
acid  of  1.347  specific  gravity,  and  after  dilution  with  water,  elec- 
trolyzing  the  solutions  with  varying  current  and  pressure  con- 
ditions. 

The  precipitations  were  made  in  platinum  dishes — ^the  cathodes, 
while  fiat  platinum  spirals  were  used  as  anodes.  The  deposits 
were  treated  as  ordinarily  directed  in  electrolylnc  work.  The 
details  of  more  than  forty  experiments  appear  in  those  recorded 
in  the  accompanying  tables,  with  sufficient  minuteness  to  enable 
any  person,  so  desiring,  to  repeat  them  with  the  confidence  of 
obtaining  like  satisfactory  results. 

Ezpbrimbnts. 

X.  a.  3-  4.  5-  6. 

N.D,Qo 3.0  2.0  4.0  4.0  2.0  3.0 

Volte 6  6  6  6  6  6 

Dilution,  cc 225         125         200         250         125         175 

Temperature 50**         65**         65®         55®         65®         65** 

Time,  hours 7  7}i         8)^         9H         ^H         ^% 

NajHPO*,  cc 90  90         130         180  90         135 

H,P04.  CO 4.5  4.5  90         9.0         4.5  6.7s 

Nickel  taken,  gram .      0.2166    0.2166    0.4332    0.4332    0.2166    0.3249 
Nickel  found,  gram.      0.2163    0.2161    0.4298    0.4321    0.2165    0.3253 

*  Prom  Uw  author's  thesis  for  the  Ph.D.  de^n'ee. 

'  See  Smith's  *' Blectrochenical  Analysis,"  p.  91,  third  edition,  1903. 
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7.  8.  9.  10.  II. 

N.Djoo 4.0  2.0  3.0  3.0  4.0 

Volte 6  6  6  6  6 

Dilution,  cc 250         125         175         T75         250 

Temperature 55®         65**         70**         62®         55* 

Time,  hours 9^         7X         9  9>i         9^ 

Na,HP04,  cc 180  90         135         135         180 

HjPO*.  cc 9.0         4.5  6.75        6.75        9.0 

Nickel  taken,  gram 0.4332    0.2166    0.3249    0.3249    0.4332 

Nickel  found,  gram 04327    a  2 1 63    o.  3247    0.325 1    0.432 1 

12.  13.  14.  15.         16, 

N.DiM  1.-1.75    1.4.-1.8        1.0-1.5    1.4-1.8    1.25 

Volte 6  6  6  6  6 

Dilution,  cc  125    125       175    175    175 

Na,HP04,  cc 90     90       90    135     90 

HjPO^.cc 4.5     4.5       4.5     6.75    45 

Nickel  teken,  gram  •      0.2176     0.2176  0.2176     0.3264     0.2176 

Nickel  found,  gram  •      0.2179     0.2181  0.2176     0.3271     0.2180 

Temperature 56®  50®  50®  50*  50** 

Time,  hours 7  7  7  9X  75< 

17.  18.  19.  ao.  31. 

N.D,M  I.4-1.8    1.25-1.6    1.25-1.6    0.25-1.6    1.25-1.6 

Volte  6  6  6  6  6 

Dilution,  cc 225  230  230  230  230 

Na,HP04,  cc 135  180  180  180  180 

H,P04,  cc 6.75        9.0  9.0  9.0  9.0 

Nickel  teken,  gram.      0.3264    0.4352        0.4352     0.4352        0.4353 
Nickel  found,  gram      0.3271     0.4353        0.4355     0.4353        0.4354 

Temperature 50®  50®  50®  50**  50® 

Time,  hours 9  10  10  10  10 

In  every  case  except  No.  i  and  No.  11  the  precipitation  was* 
ccxnplete.    The  success  of  the  process  depends  greatly  on  keeping 
the  dish  covered  and  washing  down  its  sides  with  water  at  fre- 
quent intervals,  to  supply  the  loss  by  evaporation  and  to  prevent 
the  phosphate  of  nickel  from  separating  out  on  the  dish. 

These  results  need  no  further  explanation.  The  deposits  were 
equal  in  appearance,  if  not  superior,  to  any  deposits  of  nickel  ever 
obtained  in  this  laboratory.  Those  of  0.4352  gram  of  nickel, 
when  dissolved  in  nitric  acid  and  tested  with  ammonium  molyb- 
date,  showed  but  a  trace  of  phosphorus,  which  is  without  influ- 
ence, for  solutions  electrolyzed  by  Fresenius  and  Bergmann's 
method*  gave  exactly  the  same  amount  of  nickel. 

The  influence  of  elevation  of  temperature  is  shown  in  the  fol- 
lowing examples : 

1  Ztsckr.  anal.  Chem.y  19,  320. 
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2a.                         23.  24. 

N.Djoo 2.4-2.8                  2.25  1.80-2.75 

Volts 6                          6  6 

Dilution,  cc 125  175  225 

Temperature  88**  88^  88^ 

Time,  hours 2}i  56^ 

Na,HP04,  cc 90  135  180 

H,P04,  cc 4.5                        6.75  9 

Nickel  taken,  gram 0.2x76                   0.3264  04352 

Nickel  found,  gram 0.2x67                   0.3265  0.433X 

25.                      26.  27. 

VJ>m 1.80-2.75            x.80-2-75  x.80-2.75 

Volts 6                         6  6 

Dilution 125  125  X75 

Temperature 82®  80°  80® 

Time,  hours 3>^                         4  5>^ 

Na,HP04,  cc 90                       90  135 

H,P04.  cc 6.75                    5.6  9.1 

Nickel  taken,  gram 0.2176                0.2x76  0.3264 

'Nickel  found,  gram 0.2150                 0.2 161  0.3255 

The  precipitation  was  only  complete  in  23.  If  the  conditions 
there  given  be  adopted,  satisfactory  results  can  be  obtained  in  a 
considerably  shorter  time  than  is  required  when  working  at  the 
ordinary  temperature. 

The  separation  of  nickel  from  manganese,  iron,  aluminum  and 
chromium  was  considered.  The  results  were  negative  in  each 
instance. 

Hence,  it  may  be  concluded  from  what  has  preceded  that  nickel 
free  from  phosphorus  can  be  completely  precipitated  from  a  solu- 
tion of  nickel  sulphate  containing  disodium  hydrogen  phosphate 
and  free  phosphoric  acid,  a  mineral  acid ;  that  the  deposit  is  equal 
to  that  precipitated  by  any  other  known  method;  that  the  time 
feictor^can  be  reduced  by  raising  the  temperature  and  that  nickel 
can  not  be  separated  from  manganese,  iron,  aluminum  or  chro- 
mium in  phosphoric  acid  solutions.  It  was  fotmd  that  chromium 
salts  in  the  presence  of  disodium  hydrogen  phosphate  and  free 
phosphoric  acid  are  oxidized  to  chromates  by  the  electric  current. 

CmvamsiTT  or  Pxhnstlvania.. 
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THB  REDUCTION  OP  NITRIC  ACID  IN  METALLIC  NITRATES 

TO  AMMONIA  BY  THE  ELECTRIC  CURRENT.' 

By  Wm.  H.  Baiton. 
Rec«lT«d  July  «.  1903. 

LuCKOW  announced*  that  "dilute  nitric  acid  between  two 
platinum  poles  will  not  be  reduced  to  ammonia  either  alone  or  in 
the  presence  of  dilute  sulphuric  acid.  But,  if  copper  sulphate  in 
solution  be  added  to  the  dilute  nitric  acid,  then  the  formation  of 
ammonium  sulphate  occurs,  when  the  liquid  is  dectrolyzed." 
Vortmann'  endeavored  to  make  this  a  quantitative  method  for 
the  estimation  of  nitric  acid.^ 
This  is  his  description  of  the  analysis  of  a  nitrate : 
"The  solution  of  the  nitrate  is  placed  in  a  platinum  vessel  with 
a  sufficient  amount  of  pure  copper  sulphate  and  it  is  then  elec- 
trolyzed.  It  is  advantageous  to  use  a  feeble  current  (i  to  2  cc. 
of  oxyhydrogen  gas  per  minute).  When  all  of  the  copper  is  de- 
posited, the  residual  liquid  is  evaporated  to  a  small  bulk  and  the 
ammonia  distilled  off  as  usual." 

Simple  as  these  directions  are,  many  persons  have  failed  to  get 
satisfactory  results.  Numerous  inquiries  have  been  made  at  this 
laboratory  for  fuller  details;  hence,  the  writer  was  directed  to 
give  the  problem  attention,  more  particularly  with  reference  to 
the  factors  which  have  never  before  been  studied  in  this  particular 
example,  tnjgr.,  amperage,  time,  current  density  at  the  anode,  the 
amount  of  copper  sulphate  essential,  the  amount  of  nitrate  and 
the  character  of  the  cathode. 

Potassium  nitrate  was  the  first  nitrate  analyzed.  The  condi- 
tions were : 

Potaannm  nitrate 0.5  gram 

Copper  sulphate 0.5  gram 

Cathode Platinum  or  copper  plate  of  100 

square  centimeters  area. 

Amperes 0.15  to  3.0 

Time for  3.0   amperes,  i}^  hours 

for  0.15  ampere,    8^  hours 

>  Prom  tbc  author's  tbcsts  for  the  Ph.D.  degree. 

*Ztschr.  anal  Ckgm.^  19, 11  (1880). 

*  ££r.  d.  efUm,  Gts^  1890,  p.  3798. 

«  See  Smith's  "  Blectrochemical  Analysis."  p.  194,  third  edition,  1903. 
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Volts :   From  3  to  8,  depending  upon  the  current  strength. 

Dilution :   150  cc. 

Sulphuric  acid  (sp.  gr.  1.062)  :  30  cc. 

The  following  percentages  of  nitrogen  reduced  to  ammonia 
were  obtained,  the  theoretical  per  cent,  in  potassium  nitrate  being 
13.86: 


13-70 

13.60 

13-50 

13.65 

13.74 

13.68 

13.77 

13.54 

13-62 

13.43 

13.3a 

13.68 

13.43 

13-78 

13.50 

It  was  further  learned,  from  additional  experiments,  that  the 
time  factor  could  be  reduced  to  two  and  one-half  hours  by  em- 
ploying a  current  of  i  ampere.  Further,  in  no  trial  did  the  varia- 
tion of  the  current  density  at  the  anode  have  any  influence  on  the 
^amount  of  nitrogen  reduced  to  ammonia.  The  amount  of  copper 
sulphate  needed  can  easily  be  deduced  from  the  results  which 
follow,  the  other  conditions  being  as  recorded  above. 


GnimJi  KNO3. 

Grams  CuS04.5H«0. 

Per  cent.  N  reduced. 

0.5195 

0.1098 

11.44 

0.5243 

0.20S3 

12.23 

0.5041 

0.2600 

13.33 

0.4950 

0.3600 

13.13 

0.5676 

0.5691 

13.74       , 

Theory, 

13.86  per 

cent. 

The  quantity  of  potassium  nitrate  was  also  varied,  equal 
weights  of  copper  sulphate  being  taken,  while  the  other  conditions 
continued  as  before : 


Grams  of  potassium 
nitrate. 

Grams  of  nitrogen 
reduced. 

Per  cent,  of  nitrogen 
reduced. 

0.1053 
0.1063 
0.2592 
0.2616 

0.0148 
0.0148 
0.0348 
0.0356 

14.01 
13.93 
13.43 
13.62 

0.5027 
0.5723 

0.0693 
o.o7»9 

13.77 
13.78 

The  method  seems  accurate  enough  for  all  quantities.  The 
actual  weights  of  nitrogen  show  the  delicacy  of  the  method. 

In  the  preceding  experiments  platinum  dishes  were  the  cathodes. 
The  copper  deposits  were  compact  and  readily  washed.  When 
copper  plates  of  100  sq.  cm.  area  were  substituted  for  the  dishes 
and  suspended  in  the  nitrate  solution,  contained  in  beakers,  the 
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precipitated  copper  was  spongy,  did  not  adhere  well,  and  some 
difficulty  was  had  in  washing  it.  The  percentages  of  reduced 
nitrogen  ranged  from  13.04  to  13.44  (theory,  13.86).  Lead  plates 
of  100  sq.  cm.  area  were  also  tried.  The  copper  was  precipitated 
upon  them  in  a  very  unsatisfactory  form.  They  were  also  at- 
tacked, and  the  nitrate  was  never  completely  reduced  whetj  they 
were  employed.  No  better  success  was  met  with  mercury 
cathodes,  while  nickel  (36  sq.  cm.  area)  proved  very  satisfactory. 

The  time  necessary  for  the  reduction  of  0.5  gram  of  potassium 
nitrate  was  two  and  one-half  hours,  when  using  a  current  of  i 
ampere.  Would  3  or  5  amperes  produce  the  desired  result  in 
a  shorter  period?  Accordingly,  a  solution  of  0.5009  gram  of 
potassium  nitrate,  i  gram  of  copper  sulphate  and  40  cc.  of  sul- 
phuric acid  (sp.  gr.  1.062)  was  electrolyzed  for  thirty  minutes 
with  a  current  of  3  amperes.  The  copper  was  not  completely 
precipitated  and  only  6.68  per  cent,  of  the  nitrogen  was  reduced 
to  ammonia.  Upon  increasing  the  current  to  5  amperes  and 
allowing  it  to  act  for  thirty  minutes  the  percentage  of  reduced 
nitrogen  was  13.22,  although  not  quite  all  of  the  copper  was 
precipitated. 

It  was  a  matter  of  considerable  interest  to  learn  the  behavior 
of  other  nitrates  than  those  of  the  alkali  metals.  Copper  nitrate 
electrolyzed  alone — ^without  copper  sulphate — yielded  11.52  and 
11.35  P^J"  cent,  of  nitrogen  (theory,  11.59  P^r  cent.)  to  the  cur- 
rent. In  the  case  of  silver  nitrate,  complete  reduction  was  not 
reached  until  after  the  addition  of  an  equal  amount  of  copper 
sulphate.  This  proved  to  be  the  case  with  cobalt  and  cadmium 
nitrates. 

Observing  the  conditions  pven  on  p.  1042,  employing  at  the 
same  time  a  current  of  N.Di^o  =  i  ampere,  the  reduction  will 
proceed  rapidly  and  the  method  will  prove  very  helpful  in  many 
instances. 

Experiments  have  been  made  with  a  rotating  anode  which  sug- 
gest the  possibility  of  reducing  quite  considerably  the  time  factor 
in  this  method. 

UNIVBR8XTT  OP  PBirifSyLVANXA. 
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THE  ELECTROLYTIC  DETERMINATION   OF   MANGANESE 

AND  ITS  SEPARATION  FROM  IRON  AND  ZINC* 

By  Gborob  p.  Scroll. 

Received  July  d.  1903. 

The  deposition  of  manganese  as  peroxide  for  quantitative  esti- 
mations by  electrolysis  has  been  the  subject  of  a  great  deal  of 
investigation,  as  reference  to  its  voluminous  literature  will  dis- 
close.* 

It  was  believed  that  formic  acid,  because  of  its  simple  constitu- 
tion, would  prove  an  excellent  electrolyte  and  that  under  the  right 
conditions  very  satisfactory  results  would  be  obtained  with  it.  It 
was,  therefore,  tried  with  the  addition  of  sodium  formate. 

The  electrolysis  was  conducted  as  follows :  Ten  cc.  of  a  solution 
of  manganese  sulphate  (=o.iioo  gram  of  metal)  were  mixed 
with  5  cc.  of  formic  acid  (sp.  gr.  1.06),  10  cc.  of  a  sodium  formate 
solution,  containing  i  gram  of  the  salt,  and  diluted  to  130  cc. 
with  water  so  that  the  liquid  covered  100  sq.  cm.  of  the  surface  of 
the  dish.  The  dish  was  made  the  anode  and  a  flat  spiral  the 
cathode,  arranged  as  nearly  as  possible  equidistant  from  the  sides 
and  the  bottom  of  the  dish  to  obtain  as  uniform  a  distribution  of 
the  current  as  possible.  .  The  current  equaled  1.4  amperes,  the 
pressure  between  the  electrodes  being  12  volts  at  the  beginning 
but  decreasing  to  8.6  volts  at  the  end.  It  acted  for  one  and  one- 
half  hours,  when,  no  further  precipitation  taking  place,  the  liquid 
was  siphoned  off  and  replaced  by  water  .without  interrupting  the 
current.  The  deposit  showed  a  deep  black,  shining  color.  It 
adhered  firmly  to  the  dish  and  was  not  detached  on  washing. 
Smith's  statement*  that  it  is  useless  to  try  to  obtain  a  definite  com- 
pound by  drying  the  deposit  and  that  ignition  to  the  protosesqui- 
oxide  is  necessary  to  secure  definite  and  concordant  results  was 
found  to  be  true.  The  results  of  four  determinations  made  in 
exactly  the  same  manner  were : 

N.Dim  Mn  found. 

Electrolyte.  Time.  Temperature.        ataaode.  VolUge.  Gram. 

10  CC.  MnSOf  Ordinary  temp. 

-I-  5  cc.  HCOOH  at  start ,  heated                      1 2  volts  at       "*  J 

1 .06  sp.  gr.  I  Va  hrs.    up  by  action  of        1 .4         start  to  8.6      ^  ,  ,oi 

4-  iocc.=  I  gra.  current  to  40®-                   volts  at  end.     ^'  ^  j^ 

sodium  formate.  50**  at  the  end. 

1  From  author's  Ph.D.  thesis. 

*  Consult  Smith's  *'  Electrochemical  Analysis,"  Third  edition,  1902. 

*  **  Electrochemical  Analysis,"  Third  edition,  p.  96. 
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These  demonstrated  that  it  was  quite  possible  to  deposit  the 
manganese  completely  in  the  presence  of  formic  acid,  even  if  the 
latter  was  present  in  amounts  considerably  above  those  given  by 
Kaeppel  as  the  maximum.^ 

According  to  Classen^  it  is  necessary  to  weigh  the  platinum  dish 
after  the  deposit  of  peroxide  has  been  removed  from  it,  as  the  dish 
suffers  a  diminution  of  weight  during  electrolysis,  amounting  to 
about  I  mg.  With  the  electrolyte  used  in  the  preceding  experi- 
ments this  did  not  take  place,  the  dish  losing  either  no  weight  at 
all  or  at  the  most  only  o.i  mg. 

The  deposits  were  weighed  without  any  difficulty.  They  slowly 
attracted  moisture,  however,  and  on  standing  over  night  gained 
perceptibly  in  weight. 

Experiments  were  also  conducted  with  low  voltage  to  ascertain 
the  effect  of  a  lower  current  and  consequently  lower  current  den- 
sity upon  the  deposit.  The  character  of  the  latter  remained  un- 
changed. The  application  of  heat  (50**  to  55**)  proved  harmful. 
It  was  also  ascertained  that  large  quantities  of  sodium  formate 
retarded  the  precipitation  quite  decidedly.  Further,  the  weights 
of  the  deposits  increased  as  the  amount  of  sodium  formate  was 
increased.  Indeed,  it  was  scarcely  possible  to  weigh  those  ob- 
tained where  2.5  g^ams  of  sodium  formate  had  been  present,  even 
after  ignition  over  a  blast-lamp.  The  most  reasonable  explana- 
tion of  this  fact  seemed  to  be  that  the  sodium  formate  was  partly 
decomposed  by  the  current,  with  the  formation  of  caustic  soda  at 
the  cathode.  This  caustic  soda,  being  specifically  heavier  than 
the  electrolyte,  fell  to  the  bottom  of  the  dish  anode,  and  was  en- 
closed and  held  mechanically  by  the  precipitating  manganese  per- 
oxide. It  should  be  noted  in  this  connection  that  careless  washing 
of  the  deposit  was  entirely  excluded. 

The  next  step  was,  consequently,  to  do  away  with  the  source  of 
error'traceable  to  the  addition  of  sodium  formate  and  to  try  formic 
acid  alone.  The  voltage  required  was  high,  on  account  of  the  low 
conductivity  of  the  formic  acid,,  it  being  17.5  volts  between  the 
electrodes  at  the  start,  with  a  current  strength  of  i  ampere.  As 
the  solution  became  very  warm  in  about  an  hour,  the  voltage  was 
decreased  to  7.9  volts,  giving  an  amperage  of  0.8.  The  deposit 
did  not  come  down  as  quickly  as  when  sodium  formate  was  pres- 

1  Ztschr.  anorg.  Ckem.,  i6,  a68. 
,     *  "AuagewUhlte  Methoden/*  p.  369. 
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ent,  but  the  manganese  was  all  out  after  four  hours.  It  was  fur- 
ther found  that  the  precipitate  was  absolutely  ncHi-hyg^oscopic 
after  ignition,  and  could  be  weighed  with  perfect  ease.  It  was 
left  purposely  exposed  to  the  action  of  the  atmosphere  over  night 
and  reweighed  on  the  following  morning,  when  the  weight  was 
found  to  be  the  same.  The  appearance  of  the  deposit  was  like 
that  noticed  before.  As  the  determinations  with  employment  of 
the  spiral  of  platinum  wire  as  cathode  had  necessitated  such  a  high 
potential  betweeen  the  electrodes  in  order  to  obtain  the  necessary 
strength  of  current  and  caused  thereby  objectionable  heating  of 
the  electrolyte,  it  was  decided  to  adopt  some  means  to  get  along 
with  as  low  a  voltage  as  possible,  and  which  would  give  the  neces- 
sary current.  Accordingly,  a  so-called  basket  electrode  was  used. 
This  was  a  platinum  dish,  which  conformed  in  shape  to  the  interior 
surface  of  the  roughened  dish  on  which  the  precipitation  of  man- 
ganese peroxide  took  place.  It  had  an  area  of  60  sq.  cm.  and  was 
perforated  with  holes  to  allow  of  a  better  egress  of  the  gases  set 
free  during  electrolysis  and  a  better  mixing  of  the  solution.  The 
following  table  gives  the  results  of  some  experiments  carried  out 
with  varying  quantities  of  formic  acid  and  varying  quantities  of 
manganese. 

The  deposits  obtained  were  all  very  satisfactory  and  adherent. 
A  slight  disposition  towards  loosening  was  noticeable  with  those 
in  which  there  was  0.2880  gram  of  manganese  protosesquioxide 
present.  It  was,  however,  very  sfight,  and,  owing  to  the  scaly 
nature  of  the  material,  it  was  quite  easy  to  filter  it  out  quickly  on 
a  small  filter,  wash,  dry  and  remove  it  from  the  filter  and  add  it 
to  the  bulk  of  the  material  in  the  dish,  together  with  the  ash  of 
the  filter-paper. 

It  is  also  apparent  from  the  above  table  that  the  addition  of 
more  than  5  cc.  of  formic  acid  of  1.06  specific  gravity  has  no  bene- 
ficial effect.  On  the  contrary,  larger  amounts  of  formic  acid  tend 
to  retard  the  precipitation.  Much  less  than  5  cc.  of  fonnic  acid 
cannot  be  used,  as  there  is  a  tendency  to  form  flakes  of  a  brown 
precipitate  around  the  cathode,  which  have  to  be  brought  into  solu- 
tion again  by  the  addition  of  more  formic  acid. 

Other  experiments  were  made  to  learn  whether  the  addition 
of  ammonium  formate  would  have  any  accelerating  or  otherwise 
beneficial  effect  on  the  deposit.  Such  was  not  found  to  be  the 
case.  When  chrome  alum  was  introduced  into  the  electrolyte,  the 
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results  were  also  very  unsatisfactory.    It  may,  therefore,  be  briefly 
concluded  that : 

( 1 )  The  statement  of  Kaeppel,  that  it  is  not  possible  to  precipi- 
tate manganese  completely  in  the  presence  of  formic  acid  and  that 
more  than  five  drops  of  this  acid  prevent  the  deposition  of  manga- 
nese peroxide  entirely,  is  not  borne  out  by  the  experimental  tacts. 

(2)  It  is  possible  to  obtain  the  deposit  of  peroxide  from  a 
formic  acid  solution  in  a  beautifully  adherent  and  satisfactory 
form,  which  can  be  washed  and  ignited  without  any  trouble. 

(3)  Formic  acid  is  a  better  electrolyte  than  acetic  acid,  it  being 
possible,  according  to  Classen,*  to  deposit  not  more  than  0.08  gram 
of  manganese  in  the  form  of  peroxide  when  the  latter  is  used. 

The  influence  of  other  organic  acids  upon  the  precipitation  of 
manganese  was  also  studied.  These  were  propionic,  butyric, 
malonic,  succinic,  tartaric  and  fumaric  acids.  Fumaric  acid,  alone, 
yielded  results  which  were  in  the  least  satisfactory.  The  deposits 
were  never  entirely  adherent. 

(l)    SEPARATION  OF  MANGANESE  AND  IRON. 

It  seemed  very  probable  that  iron  might  be  easily  separated 
from  manganese  in  a  formic  acid  solution.  This  hope,  however, 
seemed  doomed  to  disappointment,  for  when  a  separation  was 
tried  under  the  conditions  w^hich  had  proved  most  successful  for 
manganese  alone,  not  much  of  a  result  was  obtained,  even  upon 
continuing  the  electrolysis  for  twelve  hours.  The  electrolyte  con- 
sisted of  10  cc.  of  a  ferric  ammonium  sulphate  solution,  containing 
o.iooo  gram  of  metallic  iron,  10  cc.  manganese  sulphate,  contain- 
ing 0.1034  gram  manganese  and  5  cc.  formic  acid.  The  basket 
electrode  served  as  cathode  and  the  dish  as  anode.  A  long  series 
of  experiments  was  made,  but  the  results  were  far  from  quantita- 
tive. It  was  also  tried  to  see  whether  a  uniform  current  density 
at  the  electrodes  would  prove  beneficial,  and  therefore  a  number  of 
experiments  were  made  by  introducing  the  solution  into  a  beaker 
glass  and  suspending  in  it  two  platinum  gauze  electrodes, 
arranged  exactly  opposite  each  other.  This  was  unsuccessful. 
It  was  noticed  in  all  of  this  work  that,  in  order  to  obtain  the  iron 
free  from  manganese,  it  was  absolutely  essential  to  have  the  cur- 
rent density  at  the  cathode  entirely  uniform,  that  is  to  say,  all 
parts  of  the  cathode  had  to  be  equidistant  from  the  anode  surface. 

1  "  Quantitative  AnalytiB  by  Electrolysis,**  p.  149. 
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If  there  was  one  point  of  the  cathode  nearer  to  the  anode,  there 
was  danger  of  some  manganese  peroxide  being  deposited  there. 
Perhaps  this  fact  explains  why  it  has  not  been  possible  to  obtain 
concordant  results  with  methods  proposed  by  different  investi- 
gators up  to  the  present  time. 

Electrodes  of  sheet  platinum  were  also  tried.  The  results  were 
disappointing.  It  was  next  decided  to  ascertain  whether  the  sepa- 
ration of  the  two  metals  could  be  made  by  retarding  or  preventing 
the  depositicMi  of  manganese  dioxide  altogether.  Hence  the 
electrolysis  was  conducted  thus :  The  electrolyte  contained  lo  cc. 
of  manganese  sulphate  (=0.1034  gram  of  manganese)  and  10 
cc.  of  a  ferric  ammonium  sulphate  solution  containing  0.1003  gram 
of  iron.  To  this  were  added  10  cc.  of  an  ammonium  formate  solu- 
tion, and  10  cc.  of  an  ammonium  sulphate  solution  containing  3 
g^rams  of  this  salt,  i  cc.  of  a  solution  of  45  per  cent,  formalde- 
hyde was  also  added.  The  platinum  dish  was  used  as  cathode, 
and  the  basket  electrode,  which  had  been  used  before,  was  intro- 
duced as  anode.  The  solution  was  then  made  up  to  130  cc,  and 
the  electrolysis  conducted  in  the  cold,  with  a  voltage  between  the 
electrodes  of  3.5  and  an  amperage  of  1.4,  the  N.D^oo  ^  ^^^ 
anode  being  consequently  2.33  and  at  the  cathode  1.4.  The 
iron  was  deposited  in  from  three  to  five  hours  in  a  very  satisfac- 
tory form,  and  not  a  trace  of  it  could  be  detected  in  the  solution. 
It  proved  to  be  entirely  free  from  manganese.  A  little  manganese 
peroxide  precipitated  on  the  anode  in  a  very  adherent  form,  but 
only  from  0.0055  *^  0.006  gram  of  peroxide  had  deposited  at  the 
end  of  the  electrolysis  when  the  iron  was  fully  precipitated.  No 
peroxide  was  susp^ended  in  the  electrolyte.  The  solution  was 
colored  red  from  the  permanganic  acid  formed.  The  deposit  of 
iron  contained  varying  and  sometimes  considerable  amounts  of 
carbon,  which  proved,  however,  no  obstacle  to  a  successful  deter- 
mination of  this  metal,  as  it  was  easily  possible  to  dissolve  the  de- 
posit off  the  dish  very  quickly  by  introducing  distilled  water  and 
a  few  cubic  centimeters  of  concentrated  sulphuric  acid.  The  solu- 
tion was  then  transferred  to  a  beaker  and  boiled  for  a  few  minutes 
in  order  to  get  rid  of  the  hydrocarbons.  A  little  g^nulated  zinc 
was  added  in  order  to  reduce  any  iron  which  might  have  become 
oxidized,  and  the  solution  was  then  titrated  with  a  very  dilute 
standardized  solution  of  potassium  permanganate.  The  whole 
manipulation  in  this  way  consumed,  perhaps,  less  time  than  the 
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drying  and  weighing  of  the  dish  would  have  done.  The  following 
results  were  obtained  in  this  manner: 

The  solution,  when  removed,  had  a  fishy  smell,  due  to  decom- 
position products  of  the  formaldehyde.  The  addition  of  the  latter 
was  discontinued  after  it  had  been  shown  by  experiment  that  its 
presence  had  no  influence  on  the  result.  The  fishy  smell  of  the 
solution  did  not  appear  after  its  removal.  Results  with  and  with- 
out formaldehyde  are  given  in  the  above  table. 

1  hough  it  was  shown  by  these  experiments  that,  in  an  electro- 
lyte composed  as  above,  a  successful  separation  of  the  iron  and 
manganese  could  be  accomplished  in  much  less  time  than  by  the 
method  of  Kaeppel,  yet  it  was  felt  that  only  half  of  the  problem 
had  been  solved  in  this  way.  The  fact  that  the  manganese  could 
not  be  determined  electrolytically  after  the  iron  was  all  out,  and 
that  it  had  to  be  held  up  and  thus  be  prevented  from  deposition, 
were  sufficient  stimulants  to  renew  the  effort  of  finding  a  method 
by  which  the  two  metals  could  be  determined  simultaneously. 

The  experiments  with  formic  acid  were,  therefore,  resumed. 
The  electrolysis  was  carried  out  in  the  roughened  platinum  dish 
with  the  basket  platinum  electrode,  it  having  been  found  by  re- 
peated trials  that  a  spiral  cathode  could  not  be  used,  as  there  was 
invariably  a  precipitate  of  manganese  oxide  on  it,  especially  on 
the  outer  rim,  which  was  nearest  to  the  anode,  due  evidently  to 
a  high  current  density  at  the  cathode.  The  electrolyte  was  made 
up  in  such  a  manner  that  lo  cc.  of  a  solution,  containing  o.i  gram 
of  sodium  sulphite,  were  introduced  into  the  dish  and  the  ferric 
ammonium  sulphate,  containing  0.0997  gram  of  iron,  was  added. 
The  solution  immediately  acquired  a  very  dark  red  color.  The 
10  cc.  of  manganese  sulphate  were  then  introduced,  and  after  that 
the  formic  acid  solution.  Five  cc.  of  the  latter  acid  of  1.06  sp.  gr. 
were  found  to  answer  well.  It  was  discovered  that  the  addition 
(twice)  of  I  cc.  of  a  sodium  sulphite  solution,  containing  o.i 
gram  in  i  cc.  for  every  half  hour  at  the  beginning,  and  an  addi- 
tion of  an  equal  amount  every  hour  until  the  iron  was  out,  was 
very  beneficial.  A  very  good  indication  of  the  gradual  deposi- 
tion of  the  iron  is  furnished  by  the  fact  that  on  each  addition  of 
sodium  sulphite  the  color  of  the  solution  deepens  quite  perceptibly, 
the  color  getting  paler,  the  less  iron  there  is  present.  It 
should  then  be  watched    and  tested  for  iron  from  time  to  time. 
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until  no  further  reaction  is  obtained.  Care  must  be  taken  in  this 
connection  that  the  electrode  with  the  iron  deposit  on  it  be  taken 
out  as  soon  as  the  reaction  of  iron  ceases.  If  that  is  not  done, 
there  is  danger  of  some  of  the  iron  going  into  solution  again. 
The  basket  electrode  is  then  removed,  washed  off,  and  an  auxiliary 
spiral  electrode  inserted  as  quickly  as  possible  into  the  solution 
in  order  to  prevent  the  manganese  peroxide  from  dissolving  in 
the  electrolyte.  Care  must  be  taken  during  the  time  that  this 
spiral  electrode  is  in  the  •solution,  to  insert  resistance  into  the 
circuit,  so  as  to  cut  down  the  current  to  o.i  ampere  or  less,  in 
order  to  prevent  any  precipitation  on  the  spiral  electrode.  If  this 
precaution  be  not  taken,  there  will  invariably  be  a  brown-looking 
deposit  on  the  electrode.  The  basket  electrode  with  the  deposit 
of  iron  on  it  is  introduced  into  a  small  beaker  and  covered*  with 
distilled  water.  A  few  cubic  centimeters  of  concentrated  sul- 
phuric acid  are  then  added,  when  the  solution  of  the  iron  will  take 
place  rapidly.  The  basket  is  then  washed  off  and  reintroduced 
into  the  electrolyte,  after  the  spiral  electrode  has  been  taken  out. 
Five  cc.  of  formic  acid  of  1.06  sp.  gr.  are  added,  and  the 
current  raised  to  its  original  value  again  for  the  purpose  of  pre- 
cipitating the  rest  of  the  manganese.  The  results  obtained  arc 
shown  in  the  following  table  and  are  very  satisfactory  and  con- 
cordant. 
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It  was  thus  established  that  the  separation  of  iron  and  man- 
ganese could  also  be  effected  in  an  electrolyte,  consisting  mainly 
of  formic  acid.  It  was  noticed,  however,  that  while  the  sodium 
sulphite  was  very  effective,  so  far  as  the  iron  was  concerned,  it 
retarded  the  deposition  of  the  manganese.     The  complete  pre- 
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cipitation  of  0.0988  gram  of  manganese  required  from  thirteen 
to  fourteen  hours,  a  period  almost  too  long  to  make  the  method 
of  practical  value.  Therefore,  further  experiments  were  under- 
taken to  reduce  the  time  actually  required  for  the  precipitation 
of  the  manganese  after  the  previous  removal  of  the  iron.  Various 
means  were  adopted  to  accomplish  this. 

An  experiment  was  conducted  in  the  usual  manner  with  addi- 
tion of  sodium  sulphite,  until  the  iron  was  out  and  removed. 
Ten  cc.  of  an  ammonium  acetate  soluti<»n  were  then  added  and  the 
electrolysis  continued.  The  result  was  quite  surprising,  for  after 
two  hours  the  level  of  the  solution  was  raised,  and  it  was  ob- 
served that  there  was  no  further  precipitation  of  manganese 
peroxide.  When  the  solution  was  tested,  no  marfganese  was  found 
to.be  present.  The  time  of  deposition  of  the  peroxide  had  thus 
been  reduced  from  thirteen  or  fourteen  hours  to  seven  hours.  The 
deposit  weighed  0.0992  gram  while  0.0988  gram  was  present. 

It  was  recognized  that  the  presence  of  sodium  sulphite  in  the 
electrolyte  was  not  desirable  and  that  it  would  be  better,  in  order 
to  remove  all  possible  sources  of  error,  if  the  separation  could 
be  effected  without  its  use.  Accordingly,  ammonium  acetate  v/as 
introduced  from  the  start  and  the  quantity  of  sodium  sulphite 
was  cut  down  to  0.3  gram  and  then  to  0.2  gram.  For  precau- 
tion's sake  the  basket  electrode,  with  the  major  part  of  the  iron 
on  it,  was  also  removed,  but  it  was  found  that  93  per  cent,  of 
the  iron  had  been  deposited  in  two  hours,  and  the  rest  was  found 
when  the  electrode  was  removed  at  the  end  of  the  electrolysis. 
The  surprising  result  was  that  the  iron  and  manganese  were  all 
out  of  the  solution  at  the  end  of  four  hours.  These  facts  led  to 
arranging  the  final  experiments  as  follows :  Ten  cc.  of  manganese 
sulphate  solution,  10  cc.  of  a  ferric  ammonium  sulphate  solution, 
5  cc.  of  formic  acid  (sp.  gr.  1.06)  and  10  cc.  of  an  ammonium 
acetate  solution,  after  dilution  were  electrolyzed  with  a  current 
of  I.I  amperes,  with  a  pressure  of  3.9  volts  between  the  electrodes, 
for  five  hours.  At  the  end  of  this  time  the  level  of  the  solution 
was  raised,  when  no  further  precipitation  took  place.  The  solution 
was  then  siphoned  cff  as  before,  both  of  the  electrodes  washed 
carefully  and  the  iron  titrated  in  the  usual  manner,  while  the 
manganese  peroxide  was  ignited  and  weighed.  The  following 
table  shows  the  close  agreement  of  the  results  obtained : 
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The  deposit  of  iron  had  a  shining,  metallic  appearance  while 
the  manganese  peroxide  was  black,  lustrous,  and  adherent  to  the 
dish. 

(2)     SEPARATION  OP  MANGANESE  AND  ZINC. 

A  solution  of  zinc  sulphate,  containing  o.i  gram  of  metal  in 
10  cc,  was  used.  The  electrolysis  was  carried  out  in  a  roughened 
platinum  dish  serving  as  anode,  while  the  platinum  basket  elec- 
trode was  connected  as  cathode.  It  was  found  that  the  deposit 
of  zinc  showed  an  extreme  tendency  to  come  down  in  spots  upon 
the  cathode,  and  the  basket  electrode  had  to  be  carefully  adjusted 
so  that  it  was  equidistant  from  the  sides  of  the  dish.  In  this 
case  the  addition  of  ammonium  formate  exerted  beneficial  in- 
fluence on  the  character  of  the  zinc  deposit,  the  best  results  being 
obtained  with  a  solution  containing  0.1034  gram  of  manganese, 
o.iooo  gram  of  zinc,  10  cc.  of  formic  acid  (sp.  gr.  1.06),  and  5 
cc.  of  a  solution  of  ammonium  formate  obtained  by  neutralizing 
formic  acid  (sp.  gr.  1.06)  with  ammonia. 
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The  writer  feels  justified  in  claiming  that  the  present  investi- 
gation has  conclusively  proved  that  not  only  can  manganese  be 
easily  and  accurately  determined  in  the  electrolytic  way  in  a 
formate  solution,  but  that  it  can  also  be  completely  separated  in 
a  very  simple  manner  from  iron.    Indeed,  when  compared  with 
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any  other  gravimetric  procedure  which  has  been  employed  for 
the  separation  of  these  metals  the  electrolytic  method  is  superior 
in  every  particular.  It  is  readily  executed,  it  requires  less  time, 
and  the  results  afforded  by  it  are  most  satisfactory.  Finally,  the 
separation  of  manganese  from  zinc,  as  described  above,  is  of 
practical  value. 

University  op  PsitNSYLVAifiA. 


ON  A  COLORIMETRIC  HETHOD  FOR  THE  ESTIHATION  OF 
PHOSPHATES  IN  THE  PRESENCE  OF  SILICA.' 

By  Oswald  Scheeiner. 

Received  July  19. 1903. 

The  estimation  of  small  amounts  of  phosphates  in  waters  and 
aqueous  extracts  of  soils  and  plants  is  a  matter  of  daily  occur- 
rence in  the  study  of  field  conditions  of  the  soils,  of  surface  and 
subsurface  waters  and  growing  crops,  as  carried  on  in  the  Bureau 
of  Soils,  U.  S.  Dept.  of  Agriculture.  The  method  first  used  by 
Lepierre,*  also  by  Jolles  and  Neurath,'  and  perfected  by  Wood- 
man and  Cayvan,*  Veitch,"  and  others,  consisted  in  measuring 
the  color  developed  by  phosphates  with  ammonium  molybdate 
in  nitric  acid  solution  against  a  known  solution  of  phosphate  as 
standard.  As  silica  gives  the  same  coloration  with  this  reagent, 
its  almost  unfailing  presence  in  natural  waters  is  a  disturbing 
factor.  In  the  Woodman  and  Cayvan  method,  the  silica  is  re- 
moved by  evaporating  once  or  twice  to  dryness  with  nitric  acid 
and  heating  for  two  hours  in  an  oven  at  lOO**.  The  phosphate  is 
then  dissolved  and  separated  from  the  insoluble  silica  by  filtra- 
tion, and  estimated  colorimetrically.  The  need  of  a  more  rapid 
field  method  induced  Prof.  F.  H.  King,  Chief  of  the  Division  of 
Soil  Management,  to  direct  the  investigation  of  silica  and  phos- 
phate solutions,  which  has  led  to  the  method  here  reported. 

In  the  method  given  in  the  following  pages,  the  silica  is  esti- 
mated simultaneously  with  the  phosphates.  The  method  is  based 
on  the  experimental  observation .  that  silica  solutions  will  give 
different  intensities  of  coloration  under  different  conditions,  while 
phosphates  give  the  same  coloration  under  these  different  con- 

1  Published  by  permission  of  the  Secretary  of  Agriculture. 
>  Bull.  Sac.  Chim.,  15,  1213. 

*  Monatsh.  Ckem.,  19,  3. 
4  This  Journal,  33,  96. 

*  Ibid.^  as,  169. 
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(litions.  When,  as  is  usually  done  in  the  colorimetric  estimation 
of  phosphates,  the  nitric  acid  and  ammonium  molybdate  solutions 
are  added  simultaneously  to  the  silica  solution,  a  certain  inten- 
sity of  color  is  developed.  If,  however,  the  ammonium  molyb- 
date reagent  is  added  to  the  silica  solution,  and  after  a  period  of 
time  the  nitric  acid,  the  intensity  of  color  produced  by  the  same 
amount  of  silica  is  far  less  than  in  the  first  case.  Experiments 
have  shown  that  the  solution  must  stand  at  least  one  hour  with 
the  ammonium  molybdate  reagent  before  adding  the  nitric  acid, 
in  order  to  get  the  maximum  effect.  Some  color  is  developed  by 
the  ammonium  molybdate  alone,  but  this  is  greatly  influenced 
by  the  presence  of  other  salts,  temperature,  etc.,  but  on  adding 
the  nitric  acid  it  always  comes  up  to  a  definite  intensity  of  color, 
which  is  approximately  only  one-half  of  the  color  developed  when 
both  reagents  ar/»  added  simultaneously.  This  different  colora- 
tion of  the  silica  solutions  under  these  conditions  is  undoubtedly 
due  to  the  formation  of  decidedly  different  silico-molybdates, 
Phosphates  under  these  two  conditions  give  exactly  the  same  in- 
tensity of  color. 

REAGENTS. 

(i)  Ammonium  Molybdate  Solution. — Fifty  grams  of  the  pure 
salt  in  I  liter  of  solution. 

(I'i  Nitric  Acid  (sp.  gr.  1.07). 

(3)  Standard  Phosphate  Solution. — 0.5045  gram  of  pure, 
freshly  crystallized  sodium  phosphate,  Na2HP04.i2H20,  is  dis- 
solved in  water,  100  cc.  of  nitric  acid  (  sp.  gr.  1.07)  added,  and 
the  whole  diluted  to  1  liter.  The  nitric  acid  is  added  to  lessen  the 
contamination  with  silica  from  the  glass.    One  cc.  =  o.oooi  gram 

(4)  Standard  Colorimetric  Solution, — This  is  prepared  by  di- 
luting 10  cc.  of  the  above  standard  phosphate  solution  to  about 
80  cc.  and  then  adding  9  cc.  of  nitric  acid  (sp.  gr.  1.07),  and  8 
cc.  of  ammonium  molybdate  reagent  and  making  up  to  100  cc. 
After  standing  twenty  minutes  it  is  ready  for  use.  Each  cubic 
centimeter  of  this  colorimetric  solution  is  equal  to  0.0000 1  gram 

PA- 
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COWRIMETER. 

The  instrument  used  was  similar  to  the  one  described  and 
ilhistrated  by  Whitson.^  It  consists  of  a  tube  of  colorless  glass, 
I  inch  by  10  inches,  with  a  side  delivery  tube  ne^r  the  bottom 
to  connect  by  means  of  a  rubber  tube  with  a  sliding  reservoir  for 
quickly  changing  the  length  of  the  standard  colorimetric  solu- 
tion; a  comparison  tube,  also  of  colorless  glass  and  as  nearly 
as  practicable  of  the  same  dimensions  as  the  measuring  tube.  It 
is  provided  with  a  50  cc.  and  100  cc.  mark.  The  measuring  tube 
is  graduated  so  that  one  division  of  the  scale  is  exactly  equal  to 
o.oi  of  the  distance  between  the  bottom  of  the  comparison  tube 
and  the  100  cc.  mark.  Both  tubes  have  accurately  ground  and 
polished  bottoms.  The  whole  is  mounted  in  a  suitably  constructed 
camera.  A  reflector  of  white  paper,  in  place  of  the  mirror  of 
the  Whitson  instrument,  at  the  top  of  the  camera,  illuminates  the 
two  solutions  alike,  while  the  images  are  viewed  in  a  mirror 
below. 

EQUIVALEXCE  OF  THE  SIUCA  COLORATIOXS. 

To  determine  the  equivalence  of  the  silica  colorations,  both  an 
alkaline  and  a  neutralized  solution  of  silica  were  used.  The  first 
was  prepared  by  dissolving  silica  in  sufficient  solution  of  sodium 
hydroxide,  made  by  the  action  of  sodium  on  water  in  a  platinum 
dish,  to  make  Na^SiOj,  and  the  second  by  dissolving  crystallized 
XajSiOa  in  water  and  neutralizing  with  nitric  acid.  The  strength 
of  both  solutions  was  accurately  determined  gravimetrically  and 
then  diluted. 

EQUIVALENCE  OF  SiO^  TO  PjOj  WHEN  BOTH  REAGENTS  ARE  ADDED 
SIMULTANEOUSLY. 

To  50  CC.  of  the  silica  solution,  5  cc.  of  nitric  acid  reagent  and 
4  cc.  of  ammonium  molybdate  reagent  were  added,  and  after 
twenty  minutes  compared  with  the  standard  colorimetric  solution 
in  the  colorimeter.  If  the  amount  of  color  developed  was  too  great 
for  a  safe  reading,  the  solution  was  diluted. and  an  aliquot  part 
taken  and  read.    The  results  are  given  in  the  following  table : 

1  Bulletin  S5,  Wit.  Agr.  Expt.  Station. 
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SotunoK  OF  NajSiOs  -f  2HNO,. 

SiO|  pTctent. 
mg. 

PfO*  required  to 

equal  color  pro- 

dUcedbySiOt. 

ng. 

X  ng.  of  PfOt 
equals  mg. 
ofSlOs. 

0.0826 

0.1580 

0.523 

0.0826 

0.1570 

0.526 

0.1652 

0.3170 

0.521 

0.3303 

0.6140 

0.538 

0.4139 

O.757.S 

0.546 

0.6606 

1.2600 

0.524 

0.8258 

1.5000 

0.551 

0.8258 

1.5300 
S01.UTION  OF  SiO,  +  2NaOH. 

0.540 

0.0897 

0.1835 

0.489 

0.3588 

0.7220 

0.497 

0.8970 

1.7350 

0.517 

Average,    0.525 
CQUIYAUNCE  OF  SiO,  TO  P2O5   WHEN   THE  AMMONIUM   MOLYB- 
DATE  REAGENT  IS  ADDED  ONE  HOUR  BEFORE  THE  NITRIC  ACID. 

To  50  CO.  of  the  silica  solution,  4  cc.  of  the  ammonium  molyb- 
date  reagent  were  added,  and  after  standing  one  hour  5  cc.  of  the 
nitric  acid  reagent.  After  twenty  minutes,  readings  were  made 
as  before.    The  results  appear  in  the  following  table : 


Solution  of  Na,SiO,  +  2HNO,. 

PtO|  required  to 

equal  color  pro> 
duced  by  SiO|. 

1  mg.  of  P,0, 

SiO|  present 

**>Hfi?^«- 

mg. 

mg. 

of  SiO,. 

0.1652 

0.1490 

1. 109 

O.X652 

0.1500 

I.IOI 

0.3303 

0.3050 

1.083 

0.3303 

0.3075 

1.074 

0.6606 

0.5820 

X.135 

0.8258 

0.7300 
SOLUTIOK  OP  SiO,  +  2Na0H. 

I.I31 

0.0897 

0.0900 

0.997 

0.3588 

0.3500 

X.025 

a897o 

0.9075 

0.988 

Average,     1.07 1 
RELATION  BETWEEN  THE  TWO  SiO,  VALUES. 

Examining  the  two  silica  values  for  each  scdution  it  will  become 

apparent  that  one  is  approximately  one-half  the  other.    Taking 

the  average  value  of  each  type  this  relation  becomes 

0.525  1. 07 1 

—5-^  =  0.49  or  — —  =  2.04. 

1.071       ^^     0.525       ^ 
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The  relation  of  the  two  silica  colorations  to  each  other  is,  there- 
fore, for  all  practical  purposes,  one-half,  and  this  value  is  used  in 
the  following  equations  for  the  method. 

METHOD  FOR  THE  DETERMINATION  OF  PHOSPHATES  IN  THE  PRES- 
ENCE OF  SILICATES. 

On  the  different  behavior  of  silica  solutions  towards  ammonium 
molybdate  under  conditions  which  produce  no  change  in  the  effect 
of  this  reagent  on  phosphates  may  be  based  a  method  for  deter- 
mining phosphates  and  silicates  when  both  are  present  in  a  solu- 
tion. There  are  in  solution  two  unknown  quantities;  namely, 
silica  (x)  and  phosphate  (y).  It  has  been  shown  that  under  a 
certain  condition  the  silica  gives  a  colorimetric  reading  which  is 
only  one-half  as  great  as  under  another  condition,  whereas  the 
phosphates  give  the  same  reading  under  either  condition.  Hence, 
when  a  solution  containing  both  phosphates  and  silica  is  subjected 
to  both  these  conditions,  one  reading  will  be  obtained  under  one 
condition  and  another  reading  under  the  other  condition,  the 
differences  in  the  readings  being  due  entirely  to  the  silica.  There 
are,  consequently,  two  equations,  and  having  only  two  unknown 
quantities,  these  can  be  readily  found.  These  two  equations  are : 
(i)  X'{-y  =  a, 
(2)  y2X  +  y  =  b, 
where  (x)  is  the  silica  reading  and  (y)  the  phosphate  reading, 
and  (a)  the  experimental  reading  obtained  under  one  condition, 
and  (b)  the  experimental  reading  obtained  under  the  other  con- 
dition. 

The  working  of  this  method  is  as  follows : 

Determination  of  the  'V  Reading, — ^To  50  cc.  of  the  solution 
add  5  cc.  of  nitric  acid  reagent  and  4  cc.  of  ammonium  molybdate 
reagent,  and  after  twenty  minutes  the  colorimetric  reading  is 
made.    This  gives  the  "a"  reading  in  equation  (i ). 

Determination  of  the  "V  Reading. — To  a  second  portion  of 
50  cc  of  the  solution  add  4  cc.  of  ammonium  molybdate  solution 
and  allow  to  stand  one  hour.  At  the  end  of  this  time  add  5  cc. 
of  nitric  acid  reagent  and  after  twenty  minutes  read  in  the  color- 
imeter.   This  gives  the  "ft"  reading  in  equation  (2). 

From  these  two  readings  the  true  phosphate  {y)  and  silica  (.r) 
readings  are  readily  calculated.    The  silica  reading  is  twice  the 
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difference  between  the  "a"  and  "fr"  readings.  To  get  the  silica  in 
milligrams  of  SiO„  multiply  the  reading  by  0.00525.  The  phos- 
phate reading  is  the  difference  between  the  "a"  reading  and  the 
silica  reading.  To  get  the  phosphate  in  milligrams  of  PoOj  multi- 
ply by  o.oi. 

APPLICATIONS  OF  THE  METHOD. 

The  method  was  tested  on  known  solutions  of  phosphates  in 
the  presence  of  silicates.    The  results  were  as  follows : 

p.  p.  m.  pment.       Reftding s  for  xoo  cc.  Readings  for  p.  p.  m.  found. 

mOf.  P,0».       '       ^a."         "*."  "^         SiOf.         PtO».  '  SiOs.         PiO». 

3.30         2.00  82.6         50.9  63.4         19.2  3.33  1.92 

9.91        20.00  410.0       309.0  202.0      208.0  10.60       20.80 

A  known  phosphate  solution  containing  also  the  salts  usually 
found  in  soil  solutions  or  natural  waters,  silicates,  sulphates,  bi- 
carbonates,  chlorides,  and  nitrates  was  prepared  and  estimated. 

p.  p.  m.  present.       Resdingt  for  100  cc.  Readings  fdr  p.  p.  m.  found. 

SiOs.  P,0».  "a."         "*."  SiO,.         PfOj.  SiO,.         PtO|. 

3.30  2.00  85.0         52.0  66.0  19.0  3.46  1.90 

The  method  was  further  tested  on  some  standard  salts  which 
had  been  prepared  for  field  investigations  and  contained  known 
amounts  of  phosphates,  besides  silicates  and  other  salts.  These 
salts  were  dissolved  in  water  and  the  solutions  estimated.  The 
results  were : 

PtOj.  . 

t                   '^  s      p.  p.  m.  of  PfOi  in  solution. 

Present.  Found.       /  * 

No.                   mg.  mg.               Present.             Pound,    p.  p.  m.  of  SiOf. 

1 0.535  0536  10.70  10.72  4.18 

2 0.520  0.532  10.40  10.64  4.65 

3 0.550  0.522  11.00  10.44  4.26 

4 0.468  0.471  9.36  9.42  3.70 

5 0.480  0.451  9.60  9.02  4.04 

6 0.525  0.506  10.50  10. 1 2  4.26 

The  phosphates  and  silica  in  a  well-water  were  determined. 
The  amount  of  phosphates  in  proportion  to  the  silica  in  this 
water  is  quite  small,  and  its  determination  is,  therefore,  affected 
by  the  unavoidable  error  of  reading.  The  results  obtained  with 
duplicates  were  as  follows : 

^  Readings  for  100  cc.  Resdings  for  p.  p.  m. 

Na  *•«."  "*."  SiOa.         PjOj.  SiOs.  PjoT 

1 374.0         192.5  363.0  II.O  19.1  I.I 

2 370.0        193.0  354.0        16.0  18.7        1.6 

Average,     18.9      1.^5 
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To  this  same  well-water  a  known  amount  of  phosphate  was 
added  and  again  estimated.  The  calculated  p.  p.  m.  of  P2O5  is 
the  sum  of  the  p.  p.  m.  added  (10),  and  the  average  result  ob- 
tained above  (1.35). 

Readings  for  p.  p.  m. 

100^.  Readings  for  p.  p.m.  found.  calculated. 


No.        "a."        •'*,"  SiOf.       P,0».  SiOt.        PiOj.  SlO|.  PtO|. 

I....   454         281  346         108  18.3         10.8  18.9         11.55 

2....   455        285  340        115  17.9        11.5  18.9        11.35 

A  soil  solution  was  prepared  by  washing  100  grams  of  soil  with 
500  cc.  of  water  and  filtering  through  a  Chamberland  filter.  The 
resulting  colorless  solution  was  analyzed. 

Reading  for  loo  cc  Reading  for  p.  p.  m. 

'•«.»•  •'*."  SiO,.  PiOj.  SiOf.  P,Oi. 

203  143  122  81  6.4  8.x 

To  this  same  soil  solution  5  p.  p.  m.  of  P,Ob  was  added  and 
again  estimated. 

Reading  for  loo  oc.  Reading  for  p.  p.  m.  found.  p.  p.  m. 

calculated. 


-a."        "*.»•  SiO,.       P,0».  SiO,.        P,0,.  P,0». 

254         192  124         130  6.5         13.0  13. 1 

A  plant  solution  was  prepared  by  washing  20  grams  of  com 
plant  with  500  cc.  of  water.  The  decolorization  of  the  solution 
was  effected  by  means  of  charcoal.  The  result  found  was  as 
follows : 

Reading  for  loo  cc  Reading  for  p.  p.'m. 


"a."  ***."  SiO,.  PfO».  SiO,.  PiO|. 

450  389  122  328  64  32.8 

To  this  same  plant  solution  a  known  amount  of  phosphates  was 
added  (10  p.  p.  m.)  and  the  solution  agfain  estimated. 

Reading  for  loocc        Reading  for  p.  p.  m.  found,      p.  p.  m.  calculated. 

"a."        *•*."  SiO|.       P,Oj.  SiO,.         P,Oft.  SiO,.        P^ 

547        484  126        421  6.6        42.1  6.4        42.8 

It  is  highly  essential  for  these  colorimetric  tests  that  all  plant 
and  soil  solutions  be  absolutely  colorless. 
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THE  DETERMINATION  OF  SHALL  AHOUNTS  OF  POTAS- 
SIUM  IN  AQUEOUS  SOLUTIONS.* 

By  p.  K.  Cambeok  and  G.  H.  Pazlybr. 
Received  August  ij.  1903. 

Some  years  ago  Morrell*  offered  a  suggestion  by  which  small 
quantities  of  potassium  might  be  estimated.  No  experimental 
evidence  was  presented  accompanying  this  suggestion,  and  so 
far  as  we  are  aware  none  has  appeared  elsewhere.  Briefly,  the 
method  suggested  is  to  separate  the  potassium  from  other  bases 
in  the  form  of  the  potassium  platinic  chloride,  carefully  free  from 
an  excess  of  reagents,  take  up  in  water  and  then  add  an  'excess 
of  potassium  iodide,  when,  on  standing,  a  beautiful  pink  or  rose 
color  develops,  which  gradually  deepens  to  a  maximum  inten- 
sity. By  matching  the  intensity  of  the  color  against  that  which 
would  be  developed  in  a  standard  solution  of  known  concentra- 
tion, a  measure  of  the  amount  of  potassium  present  could  be  ob- 
tained. Qualitative  tests  indicated  that  the  method  could  prob- 
ably be  so  adapted  as  to  have  a  great  value  for  a  class  of  work 
upon  which  we  have  been  engaged  for  some  time  past,  and  con- 
sequently a  quantitative  examination  of  the  method  was  under- 
taken. The  color  of  the  solution  is  due  probably  to  the  forma- 
tion of  a  double  salt  of  potassium  iodide  and  platinic  iodide  or 
chloride,  and  is  but  indirectly  a  method  for  the  detection  or  esti- 
mation of  potassium,  the  same  reaction  being  well  known  as  a 
delicate  one  for  the  detection  of  small  amounts  of  platinum  in 
solution. 

To  test  the  accuracy  with  which  the  colors  may  be  compared, 
a  series  of  solutions  of  potassium  platinic  chloride  was  prepared 
containing  the  amounts  indicated  in  the  table,  expressed  in  parts 
of  potassium  (K)  in  one  million  of  solution. 

0. 

Calcnlated 0.16 

Pound 0.17 

A  portion  of  (g)  diluted  four  times  was  used  as  a  standard 
for  comparison.  An  inspection  of  the  figures  indicates  that  the 
method  is  capable  of  a  high  d^^ee  of  accuracy,  the  greatest  di- 
vergence between  the  calculated  and  found  amounts  in  this  series 

1  Pnblished  by  pemiiflsion  of  the  Secretary  of  Agriculture. 
*  This  Journal,  a,  14s  (1880). 


Tab 

LE  I. 

*. 

e. 

d. 

e. 

/. 

F- 

0.31 

0.62 

0.94 

1.40 

2.03 

2.8Z 

0.33 

0.64 

0.94 

T.40 

2.01 

2.81 

Table  II. 

*.              e. 

d. 

«. 

/. 

z- 

0.35       0.70 

1.05 

1.57 

2.28 

3.15 

0.295     0.65 

1.05 

1.55 

2.28 

3." 
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being  but  one  part  in  50,ooo,cxx)  parts  of  solution,  although  a 
percentage  error  slightly  greater  than  6  per  cent,  is  involved. 
Nevertheless,  considering  the  magnitude  of  the  quantities  in- 
volved, the  result  must  be  considered  quite  satisfactory. 

A  second  series  of  solutions  was  prepared,  the  results  of  which 
are  given  in  Table  II  in  terms  of  potassium  in  1,000,000  parts  of 
solution. 

a. 

Calculated o.  175 

Found 0.15 

In  this  series,  rather  larger  amounts  of  potassium  iodide  and  of 
acid  were  used  than  in  the  first  series,  the  results  of  which  are 
given  in  Table  I.  The  agreement  between  calculated  and  found 
results  is  not  quite  so  happy  in  this  case  as  in  that  recorded  in 
Table  I.  The  comparisons  were  made  with  much  more  diffi- 
culty, for  the  reason  that  the  more  dilute  solutions  showed  a  de- 
cided yellow  tinge  as  compared  with  those  of  higher  concen- 
tration. The  cause  for  this  will  be  discussed  presently.  Never- 
theless it  was  decided  to  take  solution  d  as  the  standard  and 
make  the  determinations  under  the  very  adverse  conditions  ob- 
taining. The  results,  while  not  as  satisfactory  as  those  pre- 
sented in  Table  I,  yet  showed  that  the  method  could  be  used  to 
give  fairly  satisfactory  ideas  as  to  the  amounts  of  potassium 
in  very  dilute  solutions,  providing  the  separation  of  the  potas- 
sium could  be  effected  from  other  bases  which  form  slightly 
soluble  double  chlorides  with  platinum.  A  seaching  trial  was  then 
given  the  method,  using  solutions  of  potassium  of  known  and  of 
unknown  strength,  solutions  of  pure  salt,  and  those  containing  the 
salts  of  other  bases  as  well.  Certain  details  of  manipulation  were 
found  advisable  and  in  some  cases  even  essential  to  the  success- 
ful use  of  the  method,  so  that  we  feel  justified  in  stating  them 
here  at  some  length. 

If  the  solution  under  examination  contain  ammonium  salts  or 
organic  matter,  these  must  be  removed,  as  the  ammonia  would 
precipitate  a  slightly  soluble  double  chloride  with  platinic  chloride, 
and  the  organic  matter  would  color  the  solution  and  thus  interfere 
with  the  reading.  To  effect  their  removal,  the  solution  is  evapo- 
rated with  a  few  drops  of  sulphuric  acid ;  enough  to  unite  with 
all  the  bases  presented.    When  dry,  the  residue  is  heated  over  a 


POTASSIUM  IN  AQUSOUS  SOLUTIONS.  I065 

naked  flame,  at  first  gently,  then  strongly.  After  cooling,  a  few 
drops  of  hydrochloric  acid  and  of  platinic  chloride  solution  are 
added.  The  amount  of  these  will  depend  upon  the  amount  of 
residue.  The  platinum  must,  of  course,  be  added  in  excess. 
This  may  be  judged  fairly  well  by  observing  whether  the  solution 
is  yellow  after  any  precipitate  has  settled  out.  The  platinic 
chloride  solution  is  run  around  over  that  portion  of  the  dish  con- 
taining the  residue,  a  few  drops  of  water,  free  from  ammonia, 
being  added  if  necessary.  It  is  again  evaporated  to  dryness  on 
a  water-  or  steam-bath.  All  operations  after  the  ignition  with 
sulphuric  acid  must  be  so  conducted  that  no  ammonia  has  access 
to  the  solutions.  In  the  absence  of  ammonium  salts  and  organic 
matter,  the  use  of  sulphuric  acid  may  be  dispensed  with,  the 
platinic  chloride  and  a  very  small  amount  of  hydrochloric  acid 
being  added  to  the  original  solution,  one  evaporation  sufficing. 
When  dry,  or  in  the  condition  of  a  very  stiff  paste  (but  in  the 
small  quantities  usually  involved,  the  residue  will  be  a  thin  layer 
over  the  bottom  of  the  dish  and  may  be  carried  to  dryness)  the 
dish  is  cooled,  and  the  potassium  platinic  chloride  washed,  as 
described  below.  An  excess  of  platinic  chloride  must  have  been 
used  to  throw  down  all  the  potassium,  and  as  the  color  to  be 
finally  read  is  a  measure  of  the  platinum  then  present,  it  is  ob- 
vious that  all  the  forms  of  platinum  other  than  potassium  platinic 
chloride  must  be  removed.  To  effect  this  with  the  solution  of 
as  little  as  possible  of  the  precipitated  potassium  platinic  chloride, 
we  have  used  in  our  earlier  work  alcohol  nearly  saturated  with 
this  salt.  Such  a  solution  will  only  slowly  dissolve  the  precipitate, 
and  should  a  little  of  the  alcohol  evaporate,  there  will  be  no 
separation  of  potassium  platinic  chloride.  We  have  washed  and 
filtered  through  asbestos,  resting  on  Witt  or  Hirsch  plates  fitted 
into  carbon  filters,  using  gentle  suction.  By  this  means  the 
washing  is  done  rapidly  and  there  is  a  minimum  evaporation  of 
the  aloAol  containing  potassium  platinic  chloride,  if  the  suction 
be  shut  off  as  soon  as  the  alcohol  has  passed  through.  The  final 
washing  is  with  ordinary  strong  alcohol,  running  through  four 
or  five  small  portions  to  remove  the  alcohol  saturated  with  po- 
tassium platinic  chloride.  There  is  apparently  a  balancing  of 
errors  here,  so  that  we  have  looked  into  this  point  very  carefully, 
and  have  found  that,  while  potassium  platinic  chloride  has  an 
easily  measurable  solubility  in  alcohol  if  the  two  are  left  in  contact 
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sufficiently  long,  yet  this  solubility  is  so  small  and  takes  place  so 
slowly  that  in  repeated  experiments  the  alcrfiol  used  in  washing 
the  precipitate,  as  we  have  described  above,  would  have  no  ap- 
preciable effect  on  the  potassium  platinic  chloride  in  the  pre- 
cipitate. We  have,  therefore,  abandoned  the  alcoholic  solution 
of  potassium  platinic  chloride,  and  wash  the  precipitate  at  once 
with  six  or  eight  small  portions  of  95  per  cent,  alcohol,  being 
careful  to  remove  each  portion  as  completely  as  possible  before 
the  next  one  is  added. 

Should  the  alcc^ol  have  crept  up  the  sides  of  the  dish  or  funnel, 
carrying  with  it  platinic  chloride,  any  deposit  of  the  latter  must 
be  carefully  removed.  After  the  washing  is  completed,  the  potas- 
sium platinic  chloride  is  dissolved  and  washed  through  the  asbes- 
tos with  hot  water  into  a  flask,  allowed  to  cool,  a  drop  of  concen- 
trated hydrochloric  acid  is  added,  and  then  a  solution  containing 
potassium  iodide  until  there  is  present  a  decided  excess  of  this 
reagent.  To  secure  the  desirable  tint  of  red,  the  color  should 
be  developed  in  a  strong  solution,  and  any  necessary  dilution  be 
made  some  time- (about  four  or  more  hours)  later.  It  is,  there- 
fore, better  not  to  dilute  further  than  necessary  in  washing  the 
potassium  platinic  chloride  out  of  the  filter  before  adding  the 
hydrochloric  acid  and  the  potassium  iodide. 

In  order  to  compare  the  test  solutions  with  a  standard,  the 
procedure  adopted  is  to  place  the  solution  under  examination  in 
a  glass  cylinder  with  a  bottcmi  ground  flat  and  polished,  such  as 
the  well-known  apparatus  used  for  determining  ammonia  by  the 
Nessler  method.  A  second  cylinder  with  precisely  the  same 
dimensions  as  the  first,  but  made  with  a  side  arm  at  the  bottom, 
contains  the  standard  solution.  Both  cylinders  are  clamped  into 
position  parallel  with  each  other,  within  a  box  or  camera^  fitted 
with  mirrors,  so  that  a  beam  of  light  can  be  thrown  through  the 
cylinders  from  above  and  the  images  of  their  cross-sections  be 
seen  on  a  lower  mirror  arranged  at  a  convenient  angle.  The 
bottoms  of  the  cylinders  rest  upon  a  shelf  with  orifices  so  ar- 
ranged that  no  light  from  the  upper  mirror  falls  upon  the  lower 
mirror  other  than  that  which  passes  through  the  columns  of 
liquid  contained  in  the  cylinders.  By  means  of  the  side  arm 
and  rubber  tubing,  the  cylinder  containing  the  standard  solution 

1  A  convenient  fonn  of  instrument  for  this  purpose  is  that  described  by  Whitson,  Bull. 
No.  8s,  Wis.  Agr.  Ezpt.  SUtion. 
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is  connected  with  a  movable  reservoir  outside  the  camera  which 
can  be  raised  or  lowered  at  will,  thus  regulating-  the  depth  of  the 
standard  solution  within  the  cylinder.  This  depth  of  the  standard 
solution  is  adjusted  until  the  intensity  of  color  of  the  two  images 
is  the  same.  The  cylinder  containing  the  standard  solution  is 
fitted  with  a  scale,  for  which  purpose  a  strip  of  cross-section 
paper  pasted  along  the  side  answers  very  well,  and  is  then 
calibrated  on  the  assumption  that  when  the  images  given  in  the 
camera  by  two  solutions  contained  in  identical  cylinders  are  the 
same,  the  concentrations  of  the  two  solutions  are  inversely  pro- 
portional to  the  height  of  the  two  columns  of  liquid.  This  as- 
sumption is  not  free  from  objections  on  theoretical  grounds,  but 
has  been  found  entirely  justifiable  in  the  case  here  considered, 
as  the  result  of  long  and  repeated  series  of  experiments.  It  car- 
ries with  it  as  a  necessary  consequence  the  further  assumption 
that  the  color  produced  by  the  solution  in  a  standard  cylinder  is 
dependent  only  upon  the  amount  of  coloring-matter  present  and 
not  upon  the  amount  of  water,  a  point  of  importance,  since  it 
enables  one  to  avoid  having  always  to  dilute  the  test  solution  to 
mark  in  the  cylinder,  which  procedure  might  sometimes  be  un- 
desirable, as  the  following  pages  will  show. 

The  substance  which  causes  the  red  color  in  these  solutions 
has  not  been  determined.  An  inspection  of  the  literature  describ- 
ing the  double  halides  of  platinum  and  potassium  failed  to  give 
any  positive  information,  and  we  have  not  felt  justified  at  the 
present  time  in  extending  our  investigation  so  as  to  definitely  de- 
cide this  question.  In  order  to  obtain  some  idea  as  to  the  pro- 
portions of  the  reagents  necessary  to  the  use  of  the  method,  a 
scries  of  experiments  was  made. 

For  this  purpose  ten  solutions  were  prepared,  each  containing 
the  same  amount  of  potassium  platinic  chloride,  this  salt  being 
used  instead  of  platinic  chloride,  since  it  is  possible  to  weigh  the 
desired  amount  of  platinum  more  accurately  with  the  former 
than  with  the  latter  salt.  And  since  there  was  no  purpose  of 
studying  the  relation  of  the  solution  to  solid  phases,  they  were 
in  all  cases,  after  the  addition  of  potassium  iodide,  brought  to  a 
volume  of  about  50  cc,  enough  to  have  no  solid  phase  present 
at  the  beginning  of  the  experiments.  In  each  solution  there  was 
brought  the  amounts  of  potassium  iodide  indicated  in  the  table. 
The  ratios  are  approximate  only. 
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Tabi,e  III. 

Weight  of 

K,?tCl, 

taken. 

mg. 

Weight  of  KI 

required  to 

form  K«PtI«. 

mg. 

Weight. 
ofKI 
used, 
mg. 

Ratio  of  KI 

used  to  that 

required 

to  form 

KiPtl^ 

a... 3.105 

6.26 

1.093 

0.2    :  I 

^...3.105 

6.26 

2.395 

0.33:1  . 

t. -.3.105 

6.26 

3.975 

0.66  : 1 

Remarks. 
p  Pink,  soon  darkened,  the 
pink   color  disappeared 
I  and  a  black  residue  sep- 
i     arated  out. 

^*'. 3.105  6.26  7.95  *    1.25:1      Pink ;  turned  dark  after 

a  time ;  black  residue. 
^•..3.105  6.26  15.9  2.5    :i      Pink;   shining  metallic 

film. 
Pink. 


/••  3.105 

6.26 

31.8 

5 

r.-.3io5 

6.26 

47.7 

7.5 

A- •-3.105 

6.26 

63.6 

10 

«... 3.105 

6.26 

79.5 

12.5 

*... 3.105 

6.26 

95.4 

15 

Solution8(tf)  to  (k)  inclusive,  were  of  a  satisfactory  pink 
or  red  color,  which  apparently  remained  permanent  for  seven 
days.  A  very  careful  examination  with  starch  paste  at  the  end 
of  that  time  yielded  a  faint  reaction  for  iodine  in  some  of  the 
solutions,  and  the  experiments  were  then  abandoned.  The  results 
showed  that  it  would  be  desirable  to  use  about  five  times  the 
amount  of  potassium  iodide  required  by  calculation  to  form  the 
salt  of  the  formula  K^Ptl^,  but  that  no  obvious  advantage  was 
produced  by  having  a  larger  excess  present. 

It  early  developed  in  the  work  that  the  color  of  the  solution 
did  not  reach  a  maximum  until  some  hours  after  the  reagents 
were  brought  together,  and  that  the  speed  of  the  reaction  was 
greatly  augmented  by  the  presence  of  a  little  free  acid.*  There- 
fore, a  series  of  solutions  were  prepared  from  one  containing 
about  two  parts  per  million  of  potassium  to  which  the  two  drops 
of  the  acids  indicated  were  added,  the  acids  being  taken  from  the 
ordinary  reagent  bottles  of  the  laboratory  shelf  and  marked  "con- 
centrated." Readings  were  made  in  the  times  indicated,  a  solution 
whose  strength  was  known  approximately  (but  not  accurately), 
and  in  which  the  rose  color  had  been  developed  twenty-four  hours 
previously  being  used  as  the  standard. 

1  It  is  obvious  that  the  mmount  of  free  acid  permissible  is  very  small,  otherwise  iodine 
would  be  liberated. 
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TABhB  IV. 

After              After  After  After 

Acid  used.                       i  hoar.          1%  hoan.  4^  honn.  » hours. 

V,       .J                            (Trace           Trace  Lost  .f-. 

(Trace           Trace  0.20  0.33 

Hydrochloric I   '33              »S3  1-93  1-93 

I   1-33              IS6  1-86  1-93 

Acetic i  0-46             '13  1.83  1.86 


•{ 


0.53  1. 13  1.80  1.86 

Nitric i   '33  »-53  1.73  1.86 

\    1.26  1.53  1.80  1.86 

Sulphuric i   '33  1.56  T.86  ..93 

^  1    1.33  i-^  1-93  ^'OO 

The  results  of  these  experiments,  with  many  others  which  it  is 
not  worth  while  recording  here,  have  led  us  to  the  procedure  of 
adding  one  drop  of  strong  hydrochloric  acid  to  the  solution  before 
adding  potassium  iodide  and  then  waiting  at  least  four  hours 
ior  a  full  development  of  the  color  before  reading  in  the  colorim- 
eter. It  has,  moreover,  been  found  desirable  to  make  all  dilutions, 
even  of  strongly  colored  solutions,  at  least  one  hour  before  read- 
ings are  taken.  The  pink  color  can  be  brought  to  its  maximum 
intensity  within  a  comparatively  few  minutes,  by  warming  the 
solution,  and  this  procedure  we  occasionally  follow  rather  than  the 
one  just  advised.  But  unless  great  care  has  been  taken  to  elim- 
inate all  traces  of  alcohol  before  dissolving  the  precipitate  from 
the  alcohol,  warming  the  solution  is  apt  to  produce  a  yellowish  or 
brownish  tinge  in  the  pink  color,  rendering  its  comparison  with 
the  standard  much  more  difficult,  if  not  impossible. 

To  test  the  efficiency  of  the  method  when  other  bases  than 
potassium  are  present,  a  series  of  experiments  were  made,  the  re- 
sults of  which  are  given  in  the  following  table.  Since  becoming 
more  expert  in  handling  the  method,  we  generally  obtain  more 
satisfactory  results  than  these,  but  we  give  them  here  as  actually 
obtained  when  working  out  the  method,  as  indicating  the  probable 
order  of  accuracy  to  be  expected  by  one  having  no  previous  experi- 
ence with  the  method.  Except  as  otherwise  indicated,  all  results 
are  expressed  in  this  paper  as  parts  per  million  of  solution. 

Table  V. 

Remarks. 


50   parts    Na,    50    parts  Mg,    and  50  parts  Ca  per 
1,000,000  parts  solution,  also  present. 


Caknlated. 

Found. 

50 

52.71 

48.0 

48.0 

53.5 

52.7  J 

1 070 
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20 


parts  Na,    20    parts    Mg,  and  20  parts  Ca  per 
i,OQO,ooo  parts  solution,  also  present. 


5  parts  Na,  5  parts  Mg,  and  5  parts  Ca  per  1,000,000 
parts  solution,  also  present. 


No  other  base  present. 


>  Aqueous  extract  of  a  soil. 


20  19.8 

19.4 
20.2 
21.0 
19-4 
5  6.4 

6.4 

6.9 

6.0 
20  20.2 

20.1 
20.1 
20.0 
12  2 
11.9 
II. 2  \ 

11.5  i 

30.6  1 

30.2  J 
ao.3  ) 

24.3  i 
9.7) 
9.3  i 

12.7  % 

13.8] 
58.0^ 
61.0  i 

14.5  f 

To  test  the  method  still  further,  the  three  solutions  cited  above 
and  containing  sodium,  magnesium  and  calciiun,  as  well  as  potas- 
sium, were  further  examined,  comparisons  being  made  with  solu- 
tions containing  2  parts  and  3  parts  per  million  of  potassium, 
respectively,  and  the  potassium  being  estimated  gravimetrically  as 
well,  according  to  the  well-known  method  of  weighing  the  pre- 
cipitated potassium  platinic  chloride,  large  volumes  of  the  solutions 
being  taken  for  this  purpose.  The  results  have  been  tabulated  as 
follows : 


CalcuUted. 
5 


50 


Table  VI 

standard  2 

parts 

SUndard  3  parts 
per  million. 

Gravimetric. 

per  million. 

i    4.7 
I    4.2 

5.2 

5.3 

5-2 

5.3 

122.5 

20.5 

20.4 

20.5 

20.4 

JSO.7 

^5 

48.8 
48.8 
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These  results  show  that  the  method  can  be  regarded  as  fairly 
satisfactory,  even  when  relatively  large  proportions  of  other  bases 
are  present.  The  method  has  been  used  successfully  with  solu- 
tions containing  originally  as  much  as  400  parts  per  million  of 
potassium,  by  properly  diluting.  But  we  do  not  advise  its  applica- 
tion to  solutions  containing  more  than  50  parts  per  million  of  this 
base,  at  most,  unless  the  volume  at  command  is  so  small  as  to  pre- 
vent obtaining  a  sufficientl}'  large  precipitate  to  weigh  satisfac- 
torily. The  method  seems  to  be  most  satisfactory  when  applied  to 
solutions  containing  from  i  to  10  parts  per  million  of  the  base,  and 
on  the  whole  the  most  satisfactory  concentration  for  the  standard 
we  have  found  to  be  2  parts  per  million.  For  solutions  containing 
less  than  2  parts  per  million,  the  method  has  been  found  quite 
satisfactory,  if  care  be  exercised.  The  weak  point  of  the  method 
is  obviously  the  handling  and  washing  of  the  precipitate  of  potas- 
sium platinic  chloride,  and  the  smaller  this  is,  the  greater  the  diffi- 
culty becomes,  and  in  consequence  the  greater  the  care  which  must 
be  exercised. 

Attention  has  been  called  above  to  the  fact  that  the  solutions  to 
which  the  potassium  iodide  had  been  added  were  sometimes 
brownish  or  yellowish,  thus  rendering  their  comparison  with 
others  impossible  or  at  least  unsatisfactory.  The  cause  of  tjiis  es- 
caped us  for  some  lime.  But  the  fact  that  the  pink  color  is  not 
produced  when  potassium  iodide  is  added  to  an  alcoholic  solution 
of  platinic  chloride,  led  Mr.  J.  F.  Breazeale,  of  this  laboratory,  to 
suspect  that  small  quantities  of  alcohol  left  in  the  filter,  when 
washing  the  potassium  platinic  chloride  free  from  other  salts,  and 
subsequently  brought  into  the  solution  on  the  addition  of  hot 
water,  might  be  responsible  for  the  trouble.  Experiments*  have 
amply  verified  this  view.  The  addition  of  small  amounts  of  alco- 
hol to  aqueous  solutions  in  which  the  pink  color  had  already  been 
developed,  invariably  turned  them  yellow.  This  change  to  yellow 
was  found  to  take  place  more  rapidly  in  the  sunlight.  If  the  solu- 
tion containing  the  platinum  salt  and  to  which  the  potassium 
iodide  has  been  added  together  with  a  little  alcohol,  be.  heated,  the 
pink  color  first  appears,  develops  very  rapidly,  hut  always  with  a 
yellowish  or  brownish  tinge,  and  after  a  few  minutes  turns  to  a 
clear  yellow.  The  presence  of  a  free  acid  retards  the  development 
of  the  yellow  color,  ?.nd  if  this  color  be  desired  in  the  first  place, 
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acid  should  preferably  not  be  added.  The  yellow  color  is  not 
so  intense  as  the  pink  we  have  been  describing,  but  much 
stronger  than  the  yellow  obtained  from  an  equivalent  amount  of 
platinum  combined  as  platinic  chloride.  We  have,  therefore,  ex- 
amined it  with  a  view  to  its  application  for  the  quantitative  esti- 
mation of  platinum  and  indirectly  of  potassium. 

A  series  of  solutions  containing  known  amounts  of  potassium 
was  prepared.  Mr.  Breazeale  and  Mr.  J.  G.  Smith,  of  this  labora- 
tory, were  requested  to  read  them  independently  against  standards 
prepared  by  themselves,  developing  first  the  pink  color  and  then 
subsequently  developing  the  yellow  color  in  the  identical  solutions 
which  had  just  been  read,  and  then  re-reading.  The  results  ob- 
tained follow  under  the  headings  B  and  S.' 


Table  VII. 

Pound  by 

B. 

Poand  by  S. 

Calculated. 

Pink. 

Yellow. 

Pink.                  Yellow. 

0.75 

0.80 

0.84 

0.70                     0.80 

1.25 

1.20 

1.26 

1. 10                      1.30 

1.25 

1.20 

1.34 

1.30                      1.30 

2.50 

2.48 

2.62 

2.40                      2.40 

2.50 

2.48 

2.52 

2.40                      240 

3.75 

4.44 

340 

4.00                     3.80 

5.00 

... 

5.30 

... 

5.00 

... 

5.1c; 

... 

10.00 

... 

10.00 

... 

•    10.00 

10.00 

... 

A  series  of  water  extracts  of  soils  was  then  prepared,  in  which 
other  bases  than  potassium  would  also  be  present,  and  they  were 
compared  by  means  of  both  the  pink  and  the  yellow  color  methods. 
The  results  follow : 


Table  VIII. 

Pink. 

Yellow. 

2.4 

2.8 

T2.5 

13.5 

4.2 

4.4 

17.7 

17. 1 

5.7 

5.4 

18.8 

18.9 

23.9 

26.2 

4.4 

4.7 

From  the  results  it  would  appear  that  the  yellowish  color  can  be 
used  as  well  as  the  pink  over  the  range  of  concentrations  indicated 


THE  ESTIMATION  OF  TITANIUM.  IO73 

in  these  tables.  The  yellow  color  is  probably  somewhat  easier  to 
"match"  than  the  pink,  and  its  use  is  advised  when  the  higher  con- 
centrations are  concerned.  It  is  also  of  considerable  advantage 
in  that  it  affords  a  ready  check  upon  the  determination  by  the  pink 
color,  a  matter  of  importance  when  such  small  amounts  of  un- 
known solutions  are  available  as  to  preclude  duplicate  determina- 
tions. The  yellow  color  is  not  so  deep  or  strong,  however,  as  the 
pink,  and  for  this  reason  the  latter  is  much  more  advantageous 
than  the  former,  when  high  dilutions  are  concerned. 

From  what  has  been  presented  in  this  paper,  it  is  evident  that  we 
have  here  a  very  sensitive  method,  susceptible  of  a  high  degree  of 
accuracy,  for  determining  quantitatively  minute  quantities  of  potas- 
sium. No  unusual  apparatus  or  skill  is  required  for  its  manipu- 
lation. But  it  will  only  yield  satisfactory  results  when  care  is 
exercised,  and  especially  in  the  handling  and  washing  of  the  small 
precipitate  of  potassium  platinic  chloride.  The  limit  of  dilution  to 
which  the  method  is  applicable  is  probably  much  higher  than  the 
figures  given  here  would  indicate,  but  we  have  not  attempted  to 
determine  this  limit,  and  are  not  prepared  to  make  a  more  definite 
statement  concerning  it. 

BURBAU  OP  Soils, 
U.  S.  Dbpartment  op  Agriculture. 
Washington,  D.  C. 
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Of  THE  many  elements  which  present  themselves  for  determina- 
tion to  the  metallurgical  chemist  of  to-day,  there  are  a  select  few 
which  have  won  for  themselves  a  reputation  based  upon  the 
tediousness  or  the  difficulty  of  the  preliminary  separation  from 
other  constituents  which  may  be  present.  In  this  class  of  un- 
enviable reputation  we  may  place  the  element  titanium  for, 
although  its  determination  presents  no  difficulties  to  the  expe- 
rienced chemist  with  time  at  his  disposal,  his  less  fortunate  brother, 
at  the  same  task  in  the  rush  of  a  works  laboratory,  is  apt  to  find 
that  either  speed  or  accuracy  must  be  sacrificed  in  answer  to  the 
demands  made  on  him. 

For  three-quarters  of  a  century  the  estimation  of  this  element 
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in  all  pure  solutions  involved  six  or  eight  hours'  boiling,  an  opera- 
tion which  had  often  to  be  repeated,  or  else  a  tedious  treatment 
with  ammonium  sulphide,  until  Gooch^  discovered  that  titanium 
could  be  precipitated  quantitatively  in  a  convenient  form  by  a 
few  minutes'  boiling,  and  Blair*  added  to  this  a  modification 
which  permitted  a  much  more  rapid  separation  from  iron  than 
heretofore.  Thus  the  determination  became  comparatively  easy, 
but  nevertheless  under  the  pressure  of  heavy  work  and  insuffi- 
cient time,  the  demand  for  a  shorter  method  has  become  notice  • 
able  and  in  response  several  modified  processes  have  appeared 
in  the  chemical  literature  of  the  day.  To  inquire  into  the  accuracy 
of  .these  was  the  first  object  of  the  following  investigation.  At 
the  same  time  it  has  not  been  considered  necessary  to  confine  the 
attention  to  speed,  and  hence  some  experiments  have  been  in- 
corporated simply  because  they  have  a  bearing  upon  the  estima- 
tion of  titanium  in  general.  In  the  foregoing  statements,  there 
has  been  a  reservation  regarding  Weller's'  excellent  colorimetric 
method ;  it  is  rapid  and  accurate,  but  unfortunately  is  only  adapted 
for  the  estimation  of  small  quantities  of  titanium. 

To  the  chemist  engaged  in  the  analysis  of  minerals  and  rock?, 
the  separation  of  titanium  from  some  of  the  rarer  elements  such 
as  zirconium  or  vanadium  is  a  matter  demanding  attention,  but  to 
the  metallurgical  chemist  who  meets  these  more  uncommon  ele- 
ments either  rarely  or  in  minute  quantities,  the  elimination  of 
iron,  aluminum  and  phosphorus  is  usually  the  only  problem  to 
be  considered.  For  this  reason,  the  behavior  of  these  last  three 
elements,  with  the  one  under  consideration,  has  been  the  object 
of  this  study.  At  the  same  time  it  will  readily  be  seen  that  all 
our  present  knowledge  can  be  directly  employed  in  the  final  stages 
of  any  of  the  methods  investigated. 

Without  referring  in  detail  to  the  modifications  of  the  older  pro- 
cesses, descriptions  of  which  are  to  be  found  in  modern  chemical 
or  metallurgical  journals,  it  is  proposed  to  discuss  the  merits  of 
three  methods  which  are  apparently  new  in  principle.  In  the 
following  pages,  these  have  been  designated  for  convenience  by 
the  author's  name;  if  any  injustice  has  been  done,  the  writer  begs 
to  offer  his  apologies. 

I  Gooch  :  Bull.  27,  U-  8.  Geol.  Survej'.  p.  16 ;  Proc.  Am.  Acad.  Arts  Set'.,  u.  s.,  la,  435  ; 
Cktm.  News^  7a,  55.  68. 

s  Blair's  **  Analysis  of  Iron  and  Steel,*'  4th  edition,  p.  179. 
»  Btr.  d.  chem.  Ges.,  15,  2593. 
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For  the  purpose  of  the  investigation  a  solution  of  pure  titanium 
dioxide  was  necessary,  and  this  was  prepared  from  rutile  by 
Wohler's^  method.  The  mineral  at  hand,  however,  was  very  im- 
pure and  only  a  small  yield  of  potassium  fluotitanite  was  obtained. 
The  process  was  therefore  modified  by  preparing,  according  to 
the  directions  of  Streit  and  Franz,*  a  quantity  of  fairly  pure 
titanium  dioxide,  which  was  then  converted  into  the  fluotitanate 
and  finally  by  the  action  of  strong  sulphuric  acid  into  titanium 
sulphate.  Incidentally  it  may  be  mentioned  that  this  modification 
is  much  more  convenient  for  the  preparation  of  considerable  quan- 
tities of  pure  potassium  fluotitanate,  but  Merz's*  process,  a  de- 
scription of  which  was  found  after  the  preparation  had  been 
made,  appears  to  be  the  best.  After  the  removal  of  the  excess  of 
sulphuric  acid,  the  pasty  mass  of  potassium  and  titanium  sulphates 
was  treated  with  water,  solution  being  accelerated  by  warming 
to  70**  C.  and  agitating  with  a  blast  of  air.  After  suitable  dilu- 
tion, ammonia  was  added  to  weighed  quantities  of  this  standard 
solution  till  alkaline,  followed  by  acetic  acid  in  decided  excess* 
and  the  titanium  dioxide,  precipitated  by  boiling  for  two  or  three 
minutes,  was  filtered  off,  thoroughly  washed,  and  ignited  to  con- 
stant weight. 

Weight  of 
solution. 
Grams. 

27.8603 

27.8518 

27.8384 
27.8540 

Mean  value  =    0.2351 

Every  precaution  was  taken  to  make  these  results  as  accurate 
as  possible,  and  it  is  believed  that  the  mean  approximates  very 
closely/ to  the  true  value. 

baskkrville's  method. 

The  detailed  description*  may  be  briefly  summarized  as  follows : 
The  material  is  fused  with  potassium  bisulphate  and  the  mass 
dissolved  in  water,  ammonia  is  added  till  alkaline,  and  the  hy- 

>  W5hlcr:  Am.  Chem.  Pkarm.,  74,  21a. 

<  Streit  and  Franz  :  /.  praht.  Chem.^  108,  65 ;  Ztsekr.  Chem.  (a],  6.  256. 

»  Merz  :  J.  prakt.  Chem.,  99,  157. 

*  Gooch  :  Loc.  at. 

•  Baakcrville  :  J.  Soe,  Chem.  Ind,,  19,  4x9 ;  *^^  ^^^  Journal,  16.  4^. 


TiO, 
found. 

TiO.  in  25  in-aras 
standard  solution. 

Gram. 

Gram. 

0.261 I 

0.2343 

0.2624 

0.2355 

0.2624 

0.2356 

0.2620 

0.2351 
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droxides  are  filtered  off,  washed  and  redissolved  in  hydrochloric 
acid.  Ammonia  is  then  added  till  the  solution  reaches  the  so- 
called  neutral  point  and  the  volume  is  brought  to  about  100  cc, 
sulphur  dioxide  is  passed  in  to  saturation,  and  three  minutes' 
boiling  precipitates  the  titanium  dioxide.  If  the  latter  be  not 
perfectly  white,  the  process  is  repeated.  One  point  deserves  at- 
tention. After  dissolving  the  hydroxide  precipitated  by  ammonia 
in  15  cc.  of  dilute  hydrochloric  acid,  to  quote  the  original:  "Very 
dilute  ammonium  hydroxide  is  now  added  slowly  to  neutralize 
the  acid.  When  a  slight  permanent  precipitate  is  obtained,  i  per 
cent,  hydrochloric  acid  is  added  drop  by  drop,  boiling  after  each 
addition  until  the  solution  just  beccmies  clear;  the  total  amount 
of  liquid  should  not  be  more  than  100  cc."  The  writer  has  en 
deavored  to  follow  out  these  directions  in  a  number  of  cases,  but 
has  always  failed  to  secure  the  desired  effect.  The  i  per  cent, 
hydrochloric  acid  will  not  disserve  the  precipitate  even  after  a 
large  quantity  has  been  added,  and  this  result  could  be  predicted 
from  a  knowledge  of  the  behavior  of  salts  of  titanium  in  solu- 
tion. For  example,  a  solution  containing  titanium  and  ferric 
chlorides,  after  being  nearly  neutralized,  but  while  still  free  from 
the  faintest  trace  of  a  precipitate,  becomes  turbid  on  boiling,  and 
the  metatitanic  acid  thus  precipitated  is  apparently  quite  unat- 
tacked  by  i  per  cent,  hydrochloric  acid  even  in  considerable 
amount.  The  following  modification  was,  therefore,  adopted  in 
the  experiments  to  be  described :  Dilute  ammonia  was  added  to 
the  solution  of  the  chlorides  until  a  faint  permanent  precipitate 
was  formed  which  was  just  redissolved  with  a  drop  or  two  of 
dilute  hydrochloric  acid,  or  in  other  words,  the  solution  was 
treated  exactly  as  though  a  basic  acetate  separation  were  to  be 
made.  In  all  other  details  the  method  was  carefully  followed, 
notwithstanding  the  fact  that  slight  alterations  suggested  them- 
selves from  time  to  lime. 

The  Separation  of  Titanium  from  Iron. — Iron  is  almost  invaria- 
bly present  in  the  materials  in  which  titanium  is  to  be  estimated, 
and  consequently  -  this  separation  was  the  first  to  be  studied. 
To  a  weighed  quantity  of  the  standard  solution,  0.5  gram  iron  as 
Fe2(  504)3  was  added,  then  ammonia  to  alkalinity,  followed  by 
acetic  acid  in  slight  excess.  The  latter  reagent  was  employed 
because  it  was  thought  that  traces  of  titanium,  which  might  have 
escaped  precipitation  with  ammonia  alone,  would  then  be  thrown 
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down,  althouf^h  no  direct  experiments  were  made  to  settle  the 
point.  It  will  be  remembered,  however,  that  Gooch  found  advan- 
tageous the  presence  of  a  distinct  excess  of  acetic  acid  when  esti- 
mating titanium  in  a  pure  solution.  The  hydroxides,  after  wash- 
ing till  the  sulphates  were  almost  entirely  removed,  were  dissolved 
in  dilute  hydrochloric  acid,  ancf  the  solution  neutralized  with 
ammonia  till  a  faint  permanent  precipitate  was  formed,  which 
was  redissolved  in  a  drop  or  two  of  dilute  acid.  Sulphur  dioxide 
was  then  passed  in  to  saturation ;  in  the  course  of  a  few  minutes 
a  white  precipitate  usually  began  to  form.  After  boiling  for  five 
minutes  the  hydrated  titanium  dioxide  separated  out  in  flocks, 
and  the  supernatant  liquid  showed  the  characteristic,  faint  green- 
ish tinge  of  solutions  containing  ferrous  chloride.  The  precipitate 
was  filtered  off,  washed  with  hot  water,  and  ignited  to  constant 
weight. 

Weight  of  TiO,  TiO,  by 

solution.  found.  (I)  standard. 

Grams,  Gnm.  Gram.  Brror. 

(3) 6.639  0.0662  0.0624  0.0038+ 

(4) 7.720  00707  0.0684  O.O023-I- 

(5) 11.169  O.I  136  0.1050  0.0086+ 

(6) II. 167  0.1138  0.1050  0.0088+ 

(7) 11.0H5                   not  0.1045                 

(8) 11.087  weighed.  0.1045                  

(9) ii>^37  0.1062  O.IQ49  0.0013+ 

(10) II. 140  0.1108  0.1049  0.0059+ 

As  will  readily  be  understood,  the  amount  of  iron  thrown  down 
with  the  titanium  dioxide  depends  on  the  manner  in  which  the 
solution  is  neutralized.  Where  thif  was  carried  out  with  the 
greatest  care,  the  solution  being  only  gently  warmed  till  com- 
pletely reduced,  as  was  the  case  in  (4)  and  (9),  the  results  ap- 
proximated to  the  truth  with  exactness  sufficient,  at  least,  for 
tedmical  work ;  this  accuracy  is,  however,  due  to  a  balancing  of 
errors, as  will  be  shown  later  on.  Numbers  (7)  and  (8)  were  treated 
with  ammonia  till  a  faint  precipitate  remained  persistently;  on 
heating,  the  turbidity  appeared  to  become  less,  and  before  100**  C. 
had  been  reached,  the  burner  was  removed  and  sulphur  dioxide 
passed  in.  The  first  few  bubbles  pitxiuced  a  reddish  white  pre- 
cipitate ;  after  saturation  and  boiling,  this  turned  brownish  red  in 
color  and  evidently  contained  a  considerable  quantity  of  iron. 
This  became  more  apparent  on  ignition  and  no  weighings  were 
made  at  this  stage.    The  purity  of  the  titaniimi  dioxide  may  be 
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judged  roughly  from  its  ccJor  after  precipitation ;  if  snow-white, 
iron  is  almost  entirely  absent,  but  when  contaminated  with  that 
element,  a  reddish  or  pinkish  tinge  is  noticeable,  the  more  pro- 
nounced the  greater  the  impurity.  The  same  effects  may  also  be 
noted  in  the  ignited  precipitate.  The  precipitates  were  dissolved, 
if  very  impure,  by  treatment  wilh  potassium  bisulphate,  or  other- 
wise by  fusion  with  sodium  carbonate  and  solution  in  concen- 
trated sulphuric  acid";  in  the  former  case,  care  was  taken  to  re- 
move from  the  solution  subsequently  obtained,  the  platinum  from 
the  crucible.  The  entire  process  as  described  above  was  then  re- 
peated, yielding  the  following  results : 

Weight  of  TiO,  TiO,  by 

■olutioD.  found.  (II)  aunaard. 

Grmmt.  Gram.  Gram.  Error. 

(3) 6.639  0.0580  0.0624  O.OU44~ 

(4) 7.270  0.0651  0.0684  0.0033— 

(5) II. 169  0.1032  0.1050  0.0018— 

(6) '  II. 167  O.1031  0.1050  0.0019— 

(7) 11.085  0.1056  0.1045  0.00II-I- 

(8) 11.087  0.1027  0.1045  0.0018— 

(9) II. 137  O.I012  0.1049  0.0037— 

(ro) II.  140  0.1025  0.1049  0.0024 — 

Some  of  these  precipitates  still  retained  iron  and  the  results 
should  be  corrected  before  criticism  is  made ;  determinations  were 
not  carried  out  in  (3)  and  (4),  and  in  (6),  which  was  accidentally 
lost  after  estimating  the  platinum  iron  was  also  present,  and  the 
error  is  greater  than  — 0.0019  gram. 

TiOt  Pe^Oa   •  TiO*  by 

fonnd.  (II)  therein.  TiOrFCfOs.  itandard. 

Gram.  Gram.  Gram.  Gram.  Error. 

(5)  ....      0.1032  0.0027  0.1005  0.1050  0.0045 — 

(7)  ....     0.1056  0.0015  0.104 1  0.1045  0.0004 — 

(8)  ....     0.1027  o.oooi  0.1026  0.1045  0.0019 — 

(9)  ....   O.IOI2        0.0002        O.IOIO        0.1049        0.0039 — 

(10)  ....    0.1025  0.0000  0.1025  0.1049  0.0024 — 

From  these  results,  some  interesting  deductions  can  be  drawn. 
In  the  first  place,  it  will  be  remembered  that  in  (7)  and  (8)  so 
much  iron  was  thrown  down  in  the  first  precipitation  that  the 
weighing  was  omitted,  and  it  will  be  seen  that  in  these  two  in- 
stances the  final  errors  are  the  lowest  of  all.  One  might  there- 
fore purposely  pr(xluce  a  similar  condition  with  a  view  of  attain- 
ing greater  accuracy.  Again  it  will  be  observed  that,  presum- 
ably, after  experience  in  the  operation  had  been  gained,  the  second 
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precipitation  yielded  titanium  dioxide  practically  free  from  iron, 
as  shown  in  (8),  (9),  and  (10),  but  apparently  always  at  the  ex- 
pense of  a  loss  in  the  titanium.  Omitting  (7)  as  exceptional,  the 
average  loss  in  the  element  under  estimation  is  3  per  cent.  In 
most  of  the  filtrates,  colorimetric  estimations  were  made  of  the 
titanium  which  remained  in  solution,  but  no  light  was  thrown 
upon  the  question  as  to  the  conditions  under  which  the  greatest 
loss  took  place.  The  amounts  found  varied  from  traces  to  1.5 
milligrams. 

From  the  standpoint  of  technical  work,  the  uncorrected  results 
of  the  second  precipitation  are  worth  noting.  The  errors  here 
can  be  overlooked  in  view  of  the  fact  that  titanium  is  not  bought 
and  sold  at  so  much  per  unit,  and  if  a  small  amount  of  iron  re- 
main in  the  final  precipitate  it  serves  but  to  balance  the  loss  in 
the  element  estimated.  An  interesting  case  may  be  cited  at  this* 
point  as  an  instance  of  the  curiously  exact  results  which  may  some- 
times be  obtained  in  cases  in  which  all  precautions  are  not  taken. 
The  impure  titanium  dioxide  obtained  in  the  first  precipitation 
in  (5)  and  (6)  was  fused  with  potassium  bisulphate,  and  inad- 
vertently the  second  precipitation  was  made  without  removing 
the  platinum  by  hydrogen  sulphide  as  usual.  After  weighing, 
the  precipitates  were  fused  again  with  potassium  bisulphate  in 
porcelain  and  the  platinum  and  iron  estimated ;  in  (6),  an  accident 
prevented  the  completion  of  this  operation  after  the  platinum, 
which  amounted  to  0.0019  gram,  had  been  determined. 

TlOfby  TiO.  TiO,  foand 

fUndaixl.  fonnd.  lets  imfmritict. 

Gram.  Gram.  Gram. 

(5)  0.1050         0.1059         O.XOO5 

( 6 )  o.  1050        o.  1050        o.  103 1  ( less  Pt  only. ) 

It  may  be  remarked  at  this  point  that  Baskerville  makes  no 
provision  for  the  removal  of  the  platinum  which  is  always  present 
after  a  fusion  with  potassium  bisulphate  and  that  this  precaution 
may  only  be  neglected  in  the  hope  that  a  balancing  of  errors  will 
ensue. 

The  Separation  of  Titamum  and  Aluminum. — To  weighed  quan- 
tities of  the  standard  solution  were  added  1.75-gram  portions 
of  alum,  equivalent  to  0.1877  ST^mi  aluminai  The  hydroxides 
were  precipitated  with  ammonia,  washed,  redissolved  in  hydro- 
chloric acid,  the  solution  neutralized  with  ammonia  and  after 
dilution  to  100  cc,  boiled  for  three  minutes. 
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Weight  of  TiOi  Ti0.hy 

adlution.  found.  (I)  ttanoard. 

Grmms.  Gram.  Gram.  Brror. 

( 1 1 ) 6. 105  0.0575  0.0574  0/)OOI  + 

(13) 6.215  0.0592  0.0584  0.0008-f 

(13) II. 185  0.1076  0.1052  0,0024-1- 

(14) ".177  0,1044  0.1052  0.0008— 

To  ascertain  what  quantity  of  alumina  still  remained  in  these 
precipitates,  recourse  was  had  to  Gooch's  method  which  assured 
the  separation  of  the  small  amount  retained  without  the  risk  of 
losing  any  of  the  titanium.  The  precipitates  were  accordingly 
fused  with  pure  sodium  carbonate,  leached  with  water,  re-fused 
with  sodium  carbonate  and  treated  with  concentrated  sulphuric 
acid  until  complete  soluticm  took  place.  The  remaining  steps  of 
the  process  were  carried  out  as  usual,  the  titanium  being  precipi- 
tated From  a  solution  strongly  acidified  with  acetic  acid.  After 
this  treatment  the  following  results  were  obtained : 

Weight  of  liOt  TiO|hy 

•olntion.  found.  (II)  atandard. 

Grama.  Gram.  Gram.  Brror. 

(IX) ^.105                     OX>574                    

(12) 6.215  0.0582  ao584  0.0002— 

(13)  • ZI.185  0.1044  0.1052  0.0008— 

(14) '1*177  0.1036  0.1052  0.0016 — 

It  will  thus  be  seen  that  with  the  smaller  amounts  of  titanium 
in  (11)  and  (12),  the  separation  from  a  fairly  large  quantity  of 
alumina  is  remarkably  sharp  for  one  precipitation,  much  more  so 
than  in  any  of  the  cases  given  by  Gooch  as  examples  of  the  effi- 
ciency of  his  method.  Even  the  larger  quantities  of  titanium 
dioxide  retain  only  trifling  quantities  of  alumina,  and  it  is  easy 
to  arrange  for  their  removal.  Having  regard  to  the  observation 
which  has  been  made  in  the  course  of  this  study  that  minute  but 
determinable  quantities  of  titanium  are  almost  invariably  to  be 
found  in  the  filtrates  from  Baskerville's  method,  but  very  much 
smaller  quantities  or  only  traces  in  the  filtrates  from  Gooch's 
method,  and  desiring  to  avoid  loss  as  far  as  possible,  the  following 
would  appear  to  be  the  best  method  of  purification.  The  impure 
titanium  dioxide  is  fused  with  pure  sodium  carbonate,  leached 
with  water,  re-fused  with  sodium  carbonate,  and  the  melt  dissolved 
in  concentrated  sulphuric  acid  by  gentle  warming;  the  titanium 
dioxide  in  this  ^lution  is  then  precipitated  according  to  Gooch's 
directions. 

The  Separation  of  Titanium  and  Phosphorus.— The  fact  that 
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titanium  phosphate  is  almost  insoluble  in  dilute  hydrochloric  acid 
would  lead  to  the  prediction  that  a  separation  of  these  elements 
under  the  conditions  laid  down  by  Baskerville  could  not  be  ex- 
pected, and  consequently  no  experiments  were  made  in  this  direc- 
tion. A  little  later,  however,  some  evidence  bearing  on  this  point 
will  be  presented. 

The  Separation  of  Titanium  from  Iron,  Aluminum  and  Phos- 
phorus.— Since  these  elements  present  themselves  in  var3ring 
quantities  in  nearly  every  instance  in  which  titanium  is  to  be 
estimated,  an  inquiry  was  made  as  to  their  behavior  when  all  are 
present  at  the  same  time.    The  following  quantities  were  taken : 

Standard  solution  of  TiO,  10     cc. 

50  cc.  solntion  of  Fe,( 804)1       =  0.5000  gram  Fe. 
0.9294  gram  alum  =  o.iooo  gram  A1|0,. 

0.1000  gram  sodium  phosphate  =  6.0300  gram  Tfi^, 

After  diluting  to  200  cc,  ammonia  and  acetic  acid  were  added 
as  already  described  and  the  precipitate,  after  washing,  was  re- 
dissolved  in  hydrochloric  acid,  1:1.  Some  flocks  of  titanium 
phosphate,,  which  obstinately  resisted  attack,  were  digested  with 
concentrated  hydrochloric  acid,  in  which  they  finally  dissolved. 
The  solution  was  then  neutralized  and  boiled  for  five  minutes 
after  saturating  with  sulphur  dioxide.  The  color  of  the  pre- 
cipitated titanium  dioxide  varied  from  almost  pure  white  to  gray 
or  brownish,  and  a  considerable  amount  of  impurity  was  present 
in  each  case,  as  may  be  seen  from  the  following : 

Weight  of  TiO|  TiO*by 

•olntion.  found.  (I)  gUnaara. 

Grmms.  Gram.  Gram.  Brror. 

(15) 1 1. 180  0.1464  0.1052  0.04124- 

(l6i 11.174  O.T274  0.1052  0.02224- 

(17) II.2IO  0.1316  0.1055  0.0261 -j- 

(18) 11.209  0.1256  0.1055  0.020X4- 

The  precipitates  were  accordingly  fused  with  sodium  caibon- 
atc,  dissolved  by  gently  warming  with  strong  sulphuric  acid — ^the 
solution  in  this  and  similar  instances  was  often  incomplete,  neces- 
sitating filtration  and  re-fusion — and  after  suitable  dihition,  pre- 
cipitated with  ammonia.  Finally,  a  reprecipitation  was  made  in 
the  neutralized  chloride  solution,  as  described  above,  yielding  the 
results  stated  below. 

Weight  of  TiOs  TiO^by 

•olatioB.  found.  (II)  sUndard. 

.  Grams.  Gram.  Gram.  Error. 

(15)  ..«^..  II.180  0.II05  0.1052  o.0OS3-f 

(16) 11*174  0.I154  0.1052  0.01024- 

(17) IX.aio  0.1203  0.1055  0.01484- 

(18) 11.209  0.I127  0.X055  0.00724- 
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Thus  a  double  precipitation  in  a  neutralized  chloride  solution 
fails  to  effect  the  complete  separation  of  the  titanium  from  the 
elements  associated  with  it  in  this  instance.  It  remained,  then,  to 
discover  what  amount  of  pure  titanium  dioxide  was  present  in 
these  precipitates  and  whether  any  one  element  was  responsible 
for  the  magnitude  of  the  error. 

The  precipitates  were  fused  with  sodium  carbonate,  leached 
with  water,  and  re-fused  with  the  same  material.  The  mass  was 
then  dissolved  in  concentrated  sulphuric  .acid  with  the  aid  of 
gentle  heat  and  after  pouring  into  water,  in  (15)  and  (16)  hydro- 
gen sulphide  was  passed  in  to  saturation  in  order  to  discover 
whether  appreciable  amounts  of  platinum  were  present,  an  ele- 
ment which  is  well  known  to  contaminate  titanium  dioxide,  if 
present  during  its»  precipitation ;  only  traces  were  found  and  the 
question  was  considered  as  settled.  After  carefully  adding  ammo- 
nia till  just  alkaline,  a  quantity  of  dilute  sulphuric  acid  equivalent 
to  2.5  grams  of  the  pure  acid  was  added,  then  20  grams  sodium 
acetate  and  sufficient  acetic  acid  to  make  11  per  cent,  absolute 
acid  in  the  solution.  If  ferric  iron  could  be  detected,  sulphur 
dioxide  was  passed  in  at  an  appropriate  stage.  After  boiling  for 
three  minutes  and  digesting  on  the  water-bath  for  half  an  hour, 
the  titanium  dioxide  was  filtered  off  and  washed  with  7  per  cent- 
acetic  acid. 


Weight  of 
solution. 

found.  (1X1) 

by  standard. 

Grams. 

Gram. 

Giam. 

Brror. 

(15)- 

•»..     II. 180 

0.0948 

0.1053 

0.0104— 

(16)  .. 

....     II.174 

0.0976 

0.1052 

0.0076— 

(17)  . 

...     II. 210 

O.IOIO 

01055 

0.0045— 

(18)  .. 

....     11.209 

0.0968 

0.1055 

0.0087— 

These  precipitates  still  retained  trifling  quantities  of  iron. 

With  regard  to  the  disturbing  factor,  some  evidence  may  be 
g^ven.  After  fusing  0.1105  gram  of  impure  titanium  dioxide 
obtained  in  the  second  precipitation  in  neutralized  chloride  solu- 
tion in  (15),  with  sodium  carbonate  and  leaching  with  water, 
the  phosphorus  was  determined  in  the  extract  and  found  to  be 
equivalent  to  0.0123  gram  phosphorus  pentoxide;  the  final  pre- 
cipitate from  the  acetic  acid  solution  in  the  same  instance  weighed 
0.0948  gram.  0.1105  —  0.0123  =  0.0982  gram  impure  TiO, — 
P2O.. 

Any  alumina  would,  of  course,  have  been  removed  with  the 
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phosphorus,  but,  judging  from  the  separation  previously  studied, 
there  was  now  but  a  minute  amount  present  and  the  difference 
0.0982  —  0.0948  =  0.0034  gram  represents  in  all  probability  the 
iron  eliminated,  the  latter  clearly  being  indicated  in  the  waste 
liquors  by  qualitative  tests.  Similar  treatment  of  the  titanium 
dioxide  obtained  in  the  second  precipitation  in  the  neutralized 
chloride  solution  in  (17)  and  (18)  revealed  the  fact  that  phos- 
phorus constitutes  almost  tl\e  entire  impurity,  with  a  small  quan- 
tity of  iron  as  its  associate.  In  the  filtrates  from  the  neutralized 
chloride  separations,  titanium  was  found  regularly  and  in  amounts 
varying  from  traces  to  3  or  even  4  milligrams. 

While,  obviously,  the  attempted  separation  is  rendered  practi- 
cally valueless  by  such  serious  losses  in  titanium,  it  must  not  be 
forgotten  that  the  object  was  to  subject  the  method  to  a  severe 
test.  The  presence  of  the  titanium  phosphate  no  doubt  made 
difiicult  the  adjustment  of  the  acidity  of  the  solution,  since  it 
would  be  precipitated  by  the  ammonia  in  neutralizing,  and,  dis- 
solving very  slowly  or  not  at  all,  would  induce  the  belief  that  but 
little  free  acid  remained.  Consequently  the  removal  of  the  phos- 
phorus and  at  the  same  time  the  remaining  aluminum,  after  the 
first  precipitation,  by  fusing  with  sodium  carbonate  and  leaching 
with  water  should  be  undertaken,  after  which  the  problem  re- 
solves itself  into  the  separation  of  iron  and  titanium,  which  has 
already  been  studied.  Also,  if  a  fusion  with  potassium  bisulphate 
has  been  made  at  any  stage,  the  platinum,  which  is  invariably 
present,  should  be  removed,  preferably  in  hot  sulphuric  acid  solu- 
tion, befpre  the  final  precipitation. 

Brakes^  has  modified  Baskerville's  method  by  replacing  the 
potassium  bisulphate,  used  in  the  preliminary  fusion,  by  sodium 
and  potassium  carbonates.  The  melt  is  dissolved  in  dilute  hydro- 
chloric acid,  and,  after  filtering,  the  titanium  is  precipitated  in 
the  neutralized  chloride  solution  as  usual.  Some  results  are  given 
showing  that  closely  agreeing  figures  may  be  obtained,  but  one 
cannot  gather  what  degree  of  accuracy  is  reached. 

Arnold's  method. 

Blair's  statement  that  "when  a  solution  of  ferric  chloride  con- 
taining titanic  and  phosphoric  acids  is  evaporated  to  dryness,  a 
compound  of  titanic  acid,  phosphoric  acid  and  ferric  oxide  is 

>  Bnket :  /.  See.  CJum,  Ind.^  iS,  1097. 
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formed,  ccmipletely  insoluble  in  dilute  hydrochloric  acid,"*  sug- 
gests a  method  of  removing,  Y^ith  comparative  ease  and  certainty, 
the  large  amount  of  iron  and  alumina  which  have  usually  to  be 
separated  from  titanium  in  analytical  work.  Morgan*  and 
Arnold'  have  published  methods  founded  upon  this  observation, 
and  an  inquiry  was  made  as  to  their  value.  Waterhouse*  indeed 
states  that  the  results  may  not  be  accurate,  but  presents  no  evi- 
dence in  support  of  his  assertion. 

The  descriptions  may  be  abbreviated  as  follows:  The  finely 
ground  ore,  to  which  has  been  added  i  gram  of  ammonium  phos- 
phate, is  treated  with  concentrated  hydrochloric  acid,  the  solu- 
tion evaporated  to  dryness  and  baked  for  some  time,  then  treated 
with  dilute  hydrochloric  acid  and  the  residue  filtered  off,  the  fil- 
trate being  discarded.  By  fusing  with  sodium  carbonate  and 
leaching  with  water,  the  i^osphorus  and  most  of  the  silica  and 
alumina  are  removed;  the  insoluble  sodium  titanate  is  brought 
into  solution  by  treatment  with  potassium  bisulphate,  and  the 
titanium  dioxide  precipitated  from  an  acetic  acid  solution  as  de- 
scribed by  Gooch.  The  crucial  point  is  the  insolubility  of  the 
phosphotitanate  of  iron  in  dilute  hydrochloric  acid,  and  neither 
of  the  authors  specify  the  strength  of  the  acid  to  be  employed. 
In  the  descriptions  which  follow,  the  words  "per  cent."  denote 
the  parts  by  weight  of  anhydrous  hydrochloric  acid  per  loo  g^rams 
of  solution. 

The  experiments  were  carried  out  in  the  following  manner :  A 
portion  of  the  standard  titanium  dioxide  soluticm  was  taken,  and 
0.5  gram  iron  as  Fe2(S04),  added;  the  hydroxides,  precipitated 
by  ammonia  and  a  slight  excess  of  acetic  acid,  were  washed  and 
dissolved  in  hydrochloric  acid,  and,  after  the  addition  of  i  gram 
of  ammonium  phosphate,  the  soluticm  was  evaporated  to  dr3mess 
and  baked  at  the  highest  temperature  of  the  hot  plate  for  seven 
hours.  To  ascertain  approximately  the  temperature  to  which  the 
material  was  exposed,  a  thermometer  was  placed  in  an  empty 
beaker  on  the  same  spot  on  the  hot  plate  and  left  for  some  hours ; 
the  highest  temperature  reached  was  180°  C.  The  coded  mass 
was  then  digested  with  04  per  cent,  hydrochloric  acid  for  some 
hours  at  a  temperature  of  about  lOo"*  C,  but  no  action  of  any 

1  Blair's  "Analyste  of  Iron  and  Steel,"  4th  edition,  p.  85. 

*  Morgan  :  Chemical  News,  75, 134. 

■  Arnold:  "Steel  Works  Analytia."  p.  195. 

4  Waterlionae :  Ckem.  Aflews^  Bs,  i^. 
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consequence  ensued.  With  2  per  cent,  hydrochloric  acid,  the 
hard  mass  softened  and  loosened  from  the  bottom  of  the  beaker 
after  a  short  digestion ;  it  was  filtered  off,  washed,  and  the  titanium 
dioxide  in  the  filtrate  estimated. 

Weight  of  TiOi  TiOtin 

flolution.  taken.  filtrate. 

Grams.  Gram.  Gram. 

(19) II. 181  0.1052  0.0020 

(20) 11.158  O.IO5I  0.0025 

The  residue  containing  the  phosphotitanate  still  retained  a  large 
quantity  of  basic  ferric  salts,  and,  on  following  out  the  method 
of  analysis  as  given,  the  final  precipitation  of  the  titanium  dioxide 
had  to  be  made  in  the  presence  of  a  considerable  quantity  of  iron 
reduced  to  ferrous  condition  by  sulphur  dioxide.  It  is  well 
known  that  unless  the  amount  of  iron  be  small,  the  separation 
under  these  circumstances  is  incomplete  and  in  this  experiment 
both  of  the  precipitates  of  titanium  dioxide  were  markedly  con- 
taminated with  ferric  oxide.  To  acquire  further  information, 
the  experiment  was  repeated  with  slight  modifications.  The 
same  quantities  of  titanium  dioxide  and  ferric  sulphate  were 
taken ;  the  baking  lasted  six  hours ;  the  mass  was  then  digested 
with  50  cc.  of  2  per  cent,  hydrochloric  acid  for  two  hours  and 
finally  boiled  for  half  an  hour.  After  filtering,  estimations  of 
the  iron  and  titanium  in  the  filtrate  were  made;  the  insoluble 
residue  was  returned  to  the  beaker,  50  cc.  of  4  per  cent,  hydro- 
chloric acid  added,  and  digestion  carried  on  for  fifteen  hours  at  a 
temperature  of  60**  C.  The  solution  was  again  filtered  and  the 
iron  and  titanitun  estimated  in  the  filtrate. 

TiOi  Total  TiOt  Pe  ToUl  Pe 

extracted,      extracted,      extracted,     extracted. 

Twopercent.  HCl  (21) 0.0048  0.1700  

(22) 0.0022  0.1140  

Four  per  cent.  HCl  (21 ) 0.0040  0.0088         o.  1373  0.3073 

(22) 0.0037  0.0059         0.1 151  0.2291 

Taken :  TiO,  =  o.  1050  gram .  Pe = 0.5000  gram. 

Taking  mean  values,  2  per  cent,  hydrochloric  acid  extracted 
28  per  cent,  of  the  iron  present  and  3.5  per  cent,  of  the  titanium 
dioxide;  4  per  cent,  hydrochloric  acid  extracted  54.6  per  cent,  of 
the  iron  and  7  per  cent,  of  the  titanium  dioxide. 

A  third  trial  was  made  with  a  titaniferous  magnetite  con- 
taining 44  per  cent,  of  iron  and  13  per  cent,  of  the  titanium 
dioxide.    To  i  gram  of  the  ore  in  impalpable  powder  were  added 


TiOa 

Total  TiO, 

Fe 

ToUl  Pe 

extracted. 

extracted. 

extracted. 

extracted. 

0.0043 

.... 

0.2069 

. .  •  • 

0.0054 



0.2I75 

.... 

0.0036 

0.0070 

0.15 10 

0.3579 

0.0048 

0.0102 

0.1288 

0.3463 

0.0085 

0.0164 

0.0483 

0.4062 

0.0080 

0.0182 

0.0506 

0.3969 
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I  gram  ammonium  phosf^ate  and  20  cc.  of  concentrated  hydro- 
chloric acid,  and  digestion  at  a  temperature  of  nearly  100**  C. 
was  carried  on  for  seven'  hours.  The  solution  was  evaporated 
to  dryness,  baked  for  five  hours,  digested  with  2  per  cent, 
hydrochloric  acid  for  half  a  day  and  finally  boiled  for  a  short 
time.  The  same  process  was  repeated  with  portions  of  the  same 
acid  of  greater  strength. 

Two  per  ceut.  HCl||^|* 
Four  per  cent.  HCljj^^s] 

Six  per  cent.  HClj/^^^' 

Quantities  present  in  sample:  TiO,  =  0.130  gram;  Fe  =  0440 
gram. 

Taking  mean  values  we  get : 

2  per  cent.  HCl.       4  per  cent.  HCl.      6  per  cent.  HCl. 
Per  cent.  Per  cent.  Per  cent. 

TiOs  extracted 4  7  13 

Fe  extracted 48  80  91 

The  serious  inaccuracies  to  which  the  process  is  subject  nullify 
its  value  as  a  method  of  separation,  and  only  the  possibility  of 
its  employment  as  a  rapid,  approximate  method  for  technical  work 
remains. 

For  such  a  purpose  the  following  points  should  be  noted.  The 
baking  should  be  thorough  but  not  necessarily  long;  probably  an 
hour  at  about  200°  C.  is  sufficient.  Four  per  cent,  hydrochloric 
acid  should  be  used  for  the  extraction  of  the  iron,  boiling  until 
solvent  action  apparently  ceases;  if  there  remain  a  considerable 
quantity  of  reddish  ferric  salts,  the  strength  of  the  hydrochloric 
acid  may  be  raised  to  6  per  cent.,  which  should  on  boiling  almost 
complete  the  extraction.  If  4  per  cent,  acid  has  been  used,  the 
probable  loss  in  the  titanium  dioxide  will  be  from  5  to  10  per 
cent.,  with  6  per  cent,  hydrochloric  acid,  from  10  to  15  per  cent. 

HILGER  AND  HAAS'  METHOD. 

While  studying  the  separation  of  titanium  and  tin,  Hilger  and 
Haas^  discovered  that  by  igniting  the  mixed  oxides  in  hydrogen 
and  then  boiling*  with  dilute  sulphuric  or  hydrochloric  acid,  the 
reduced  tin  could  be  dissolved  without  apparent  loss  in  titanium. 
The  method  was  also  applied  to  the  separation  of  titanium  and 

I  Hilger  and  Haas :  Ber.  d.  chem.  Ges.^  33,  458. 
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iron,  but  no  analytical  results  could  be  found  in  any  of  the  litera- 
ture to  which  the  writer  had  access.  For  the  analysis  of  ores 
and  minerals  the  following  process  is  recommended  by  the 
authors.  The  finely  ground  material  is  treated  with  sulphuric 
and  hydrofluoric  acids ;  after  the  removal  of  the  silica,  the  latter 
add  is  expelled  by  evaporation  and  the  solution  is  transferred  to 
a  casserole,  neutralized  with  potassium  hydroxide,  2  grams  sul- 
phuric acid  added,  and  the  volume  made  up  to  400  cc.  The  liquid 
is  then  boiled  for  six  hours,  the  bulk  being  kept  constant  by 
adding  water  and  the  precipitated  titanium  dioxide  filtered  off; 
the  acidity  of  the  filtrate  is  again  adjusted  to  0.5  gram  sulphuric 
acid  per  100  cc,  and  a  funher  boiling  is  carried  on  to  recover 
any  titanium  which  may  still  remain  in  solution.  The  total 
precipitate,  which  contains  all  the  tin  and  a  small  quantity  of 
iron,  is  then  reduced  in  hydrogen  for  from  fifteen  to  thirty 
minutes  and  boiled  gently  with  20  per  cent,  hydrochloric  acid  for 
half  an  hour.  Tin  and  iron  are  dissolved,  the  titanium  dioxide 
is  filtered  off,  and,  unless  the  amounts  are  small,  the  reduction  and 
extraction  are  repeated. 

Ledebur^  has  described  a  modification  of  the  process  suitable 
for  iron  ores.  The  ore  is  reduced  in  hydrogen,  boiled  with 
dilute  sulphuric  acid  i  :  40,  and  the  insoluble  residue  filtered  off, 
treated  with  hydrofluoric  acid,  dried,  fused  with  sodium  car- 
bonate, leached,  re-fused  with  potassium  bisulphate  and  the  melt 
dissolved  in  water.  The  titanium  dioxide  is  then  precipitated 
by  boiling  for  an  hour  at  a  bulk  of  450  cc. ;  no  precautions  for 
r^[ulating  the  acidity  of  the  solution  are  stated. 

The  important  point  is  evidently  the  insolubility  of  the  titanium 
dioxide,  either  as  it  occurs  naturally  or  in  the  form  of  inetatitanic 
acid;  some  experiments  covering  this  question  were,  therefore, 
made.  For  convenience,  an  iron  ore  was  first  tested  according 
to  Ledebur's  directions,  as  g^ven  above.  One  gram  of  a  titanif- 
erous  magnetic  was  reduced  at  a  red  heat  in  hydrogen  for  an  hour 
and  boiled  in  dilute  sulphuric  acid,  i  :  40,  for  twenty  minutes,  the 
evolution  of  hydrogen  ceasing  after  about  -ten  minutes.  Estima- 
tions were  then  made  in  the  filtrate  by  color.  In  one  experiment 
there  was  found  5  milligrams  titanium  dioxide,  in  another  5.2 
milligrams.  These  would  cause  losses  of  4  per  cent,  in  the 
titanium  dioxide  found. 

1  IfCdebnr :  Leitfaden  f.  Eisen.  I«ab.,  5th  edition,  p.  38. 
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already  been  discussed  were  chosen  because  of  the  economy  of 
time  which  they  appeared  to  offer ;  of  the  other  processes  or  modi- 
fications recently  proposed  which  have  come  under  the  writer's 
notice,  none  appear  to  be  free  from  objection,  either  on  account 
of  inaccuracy  or  of  the  amount  of  time  required  for  their  oper- 
ation. 

When  in  search  of  rapid  methods  one  turns  first  to  volumetric 
analysis,  but  unfortunately  in  that  direction  no  accurate  process 
for  the  estimation  of  titanium  is  available.  Wiegand*  has  studied 
the  volumetric  method  proposed  by  Pisani*  and,  with  all  the  im- 
provements which  could  be  devised,  found  it  still  unsatisfactory. 
In  the  presence  of  titanium  and  iron  the  solution  was  reduced 
with  zinc  until  the  color  no  longer  changed,  then  potassium  per- 
manganate was  slowly  added  till  a  drop  gave  a  red  coloration 
with  potassium  thiocyanate.  Errors  of  3  to  4  per  cent,  are  numer- 
ous among  the  results  given ;  even  with  portions  of  a  pure  sohi- 
tion  of  titanium  sulphate  which  were  reduced  and  reoxidized,  the 
errors  in  determination  averaged  3.7  per  cent.  Wells  and 
Mitchell,*  investigating  the  same  method,  proceeded  upon  a 
slightly  different  plan.  Two  equal  quantities  of  a  solution  con- 
taining iron  and  titanium  were  taken,  one  was  reduced  with 
hydrogen  sulphide,  the  other  with  zinc,  the  titanium  being  esti- 
mated by  difference.  Even  with  elaborate  precautions,  no  better 
results  were  obtained.  In  ten  determinations  published,  the  lowest 
error  was  2  per  cent,  and  the  highest  6  per  cent. 

Walker*  has  founded  a  method  of  separation  from  iron  upon  the 
observation  that  salts  of  titanium  oxidized  with  hydrogen  per- 
oxide are  not  immediately  precipitated  by  ammonia.  An  excess 
of  the  former  reagent  is  added  to  the  solution  containing  the  two 
elements  as  sulphates  and  the  whole  is  allowed  to  flow  gently  into 
ammoniacal  hydrogen  peroxide.  Three  separations  were  found 
to  be  necessary  to  separate  o.i  gram  iron  from  the  same  amount 
of  titanium  dioxide ;  the  results  are  excellent,  but  the  number  of 
operations  appear  to  be  a  drawback. 

In  Rothe's*  method,  which  has  found  such  extended  use  for 
the  separation  of  nickel  and  iron,  titanium,  if  present,  remains 

1  Wiegsnd  :  Ztuhr.  anal.  Chem.^  ai,  510. 

*  Pisani :  Com^.  Rend,.  S9i  a^* 

*  Wells  and  Mitchell :  Thisi  Journal,  17,  878. 
4  Walker :  This  Journal,  ao,  513. 

*  Rothe  :  MUik.  Kbnig.  Tech.  Ven.  AnsL,  Berlin,  189a,  Part  III. 
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in  the  acid  solution  and  is  therefore  separated  from  iron;  no 
analytical  data  are  available,  however,  for  guidance  in  forming  an 
opinion. 

Mathews*  has  described  as  a  means  of  separating  iron  from 
titanium,  zirconium,  and  some  of  the  rare  earths,  a  modification 
of  Rothe's  method.  The  mixed,  dried  chlorides  of  the  elements 
are  heated  with  absolute  ether  and  dry  hydrochloric  acid  gas ;  the 
ferric  chloride  dissolves,  leaving  as  a  residue  the  chlorides  of  the 
other  element  or  elements. 

Although  not  at  present  very  promising  from  the  standpoint  of 
speed,  the  three  methods  last  described  have  interesting  possi- 
bilities and  deserve  investigation;  unfortunately,  the  time  for  a 
study  of  their  efficiency  has  hitherto  been  lacking,  but  it  is  hoped 
that  some  experiments  in  this  direction  will  shortly  be  carried  out. 

As  a  result  of  the  study  which  has  been  made,  it  has  been  found 
that  Baskerville's  method  is  superior  in  accuracy  to  either 
of  the  others,  but  the  writer  is  of  the  opinion  that  the  modification 
of  Gooch's  method,  described  by  Blair,  is  the  best  which  has  yet 
been  made  public.  An  excellent  and  detailed  description  of  this 
process  is  given  by  Pope  ;*  it  does  not  take  more  time  to  carry  out 
than  does  Baskerville's,  and  in  the  hands  of  the  writer,  has  proved 
the  more  accurate. 

Faculty  op  Applied  Science, 
nifivE«siTY  OP  Toronto,  July,  1903. 


[Contribution  from  the  Laboratory  of  the  University  of  Minne- 
sota.] 

REDUCTION  OF  3,5-DiMETHYLBENZALDAZINE  AND  THE 
PREPARATION  OF  SOME  OF  ITS  SALTS. 

By  Evbrhaet  Pekcy  Harding  and  Ullian  Cohen. 

Receired  July  05, 191^ 

Preparation  of   the   Hydrochloride   of  2,5'Diniethyldibenzyl' 
amine.* 

(CH,).C.H,.CH^ 

>NH.HC1.— 
(CH,),C.H,.CH/ 

— From   2   to   5   grams   of   2,5-dimethylbenzaldazine,   prepared 

I  Mathews :  This  Journal,  ao,  846. 

*  Pope :  Trans.  Am.  Inst.  Min.  Eng.,  39,  373. 

*  The  free  base— dimcthyldibenzylamine  has  not  yet  been  analyzed. 
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according  to  the  method  of  Curtius  and  Jay^  from  2,5-di- 
methylbenzaldehyde,  prepared  by  the  Gatterman-Koch  method,' 
were  dissolved  in  95  per  cent,  alcohol,  some  glacial  acetic 
acid,  and  an  excess  of  zinc  dust  added,  and  the  flask  with  re- 
flux condenser  placed  upon  a  water-bath,  and  the  mixture  gently 
boiled  for  about  four  hours.  Upon  the  addition  of  very  dilute 
sulphuric  acid  the  unchanged  azine  was  filtered  off  and  to  the 
filtrate,  made  strongly  alkaline  with  sodium  hydroxide,  was  added 
dilute  hydrochloric  acid.  Upon  standing  some  time,  the  hydro- 
chloride crystallized  out  in  the  form  of  white,  satin-like  needles 
which  crystallized  from  dilute  alcohol  in  the  form  of  colorless, 
prismatic  needles  and  which  melted  at  227**.  An  analysis  showed 
the  following  percentage  composition : 

Calculated.  Pound. 

Per  cent.  Per  cent. 

Carbon 74.74  74.70 

Hydrogen 8.30  8.48 

Nitrogen 4.84  4.91 

Chlorine 12.  ti  12.10 

2,5-Dimethyldibenzylaminehydrochloride  is  very  soluble  in 
ethyl  and  methyl  alcohols  and  benzene,  and  slightly  soluble  in 
acetone.     It  is  insoluble  in  cold  but  soluble  in  hot  water! 

2,5-Dimethyldibenzylamine  Nitrate,  CuHjjN.HNO,. — The  ni- 
trate was  prepared  by  adding  sodium  hydroxide  to  a  water  solution 
of  the  hydrochloride  and  then  treating  the  solution  with  dilute 
nitric  acid.  The  nitrate  precipitated  at  once  as  a  white,  crystalline 
substance  which  recrystallized  out  of  dilute  alcohol  in  the  form  of 
thin,  colorless  plates  of  the  monoclinic  system  which  melted  at 
215®.  1  he  analysis  gave  8.86  per  cent.  N.  Calculated, 8.80  per  cent. 

The  nitrate  is  soluble  in  ethyl  and  methyl  alcohols  and  insoluble 
in  benzene.  It  is  very  difficultly  soluble  in  acetone.  It  is  soluble 
in  hot,  but  insoluble  in  cold  water. 

2,5'Dimethyldibenzylamine  Picrate,  Ci8H23N.CoH3(N05)30H. 
— The  picric  acid  derivative  was  prepared  by  adding  to  a  concen- 
trated alcoholic  solution  of  the  free  base  a  concentrated  alcoholic 
solution  of  the  calculated  amount  of  picric  acid.  The  picrate  was 
then  precipitated  by  adding  water.  The  voluminous  precipitate 
was  then  filtered  oflf,  washed  well  with  water  and  crystallized  out 
of  dilute  alcohol.  Upon  crystallizing  several  times  out  of  alcohol, 
the  short  sulphur-yellow  prisms  melted  at  142**. 

1  y.  praAt.  CMem.,  Neue  Polffe,  89,  43. 
*  Ber.  d.  etum.  Gts..  30,  162a. 
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The  picrate  is  soluble  in  ethyl  and  methyl  alcohols  and  very 
sduble  in  benzene  and  acetone.  It  is  slightly  soluble  in  hot  but 
insoluUe  in  cold  water. 

2,5'Dimethyldibenzylamine  Mercuric  Chloride, 
(Ci,Hj,N.HCl)aHgCl2. — ^A  concentrated  water  solution  of  mer- 
curic chloride  was  added  to  a  c(Micentrated  water  solution  of  the 
hydrochloride.  Upon  standing,  a  white  precipitate  crystallized  out 
which,  upon  recrystallizing  out  of  alcohol,  crystallized  in  long, 
colorless  prisms  which  melted  at  157.5®.  The  crystals  are  very 
soluble  in  ethyl  and  methyl  alcohols  and  less  soluble  in  benzene. 
They  are  very  soluble  in  warm  and  slightly  soluble  in  cold  water. 

2,3'Difnethyldibensylamine  Chlorplatinate, 
(CigH„HCl)2.PtCl|. — The  platinum  double  salt  was  prepared  by 
adding  to  a  concentrated  water  solution  of  the  hydrochloride  a 
concentrated  solution  of  chlorplatinic  acid.  The  salt  soon  pre- 
cipitated which  recrystallized  from  alcohol  in  the  form  of  reddish 
yellow,  prismatic  needles  which  melted  at  188''.  An  analysis  gave 
21^2  per  cent,  of  platinum,  calculated  21.01  per  cent.  The  double 
salt  is  soluble  in  ethyl  and  methyl  alcohols  and  in  acetone.  It  is 
inscrfuble  in  benzene  and  in  hot  and  cold  water. 


SYNTHESIS  OF  /fir-HETHYLADIPIC  ACID.* 

Bt  William  a.  Notbs  and  Irvino  J.  Coz. 

Some  time  ago-  one  of  us  founH  that  dimethylcyancarboxethyl- 
c>'clopentanone, 

CH,^^        V^CO,C,H. 
CO 

I 
CH,— CH, 

is  decomposed  by  sodium  hydroxide  with  formation  of  the  sodium 
salts  of  malonic  and  hydroxyisocaproic  acids.  So  far  as  we  are 
aware,  no  other  similar  elimination  of  a  carbon  atom,  by  saponifi- 
cation, from  a  cyclic  compound  has  been  observed,  and  it  seemed 
of  interest  to  determine  whether  the  reaction  is  a  general  one. 
To  throw  further  light  on  this  question,  we  have  attempted  to 

*  The  wor^here  described  formed  the  b^sis  of  a  thesis  for  the  deg^ree  of  Bachelor  of 
Science  at  the  Rose  Polytechnic  Institute, 
s  This  Journal,  aj,  396. 
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prepare  a  similar  compound  containing  one  methyl  group  instead 
of  the  two.  The  amount  of  the  desired  compound  formed  was 
tcx)  small  for  our  original  purpose,  but  some  new  compounds 
which  seem  worthy  of  a  brief  description  were  obtained. 

Reduction  of  Levulinic  Acid. — ^The  levulinic  acid  was  prepared 
from  sugar  and  was  purified  by  one  distillation  under  diminished 
pressure.*  From  75  to  80  grams  of  the  acid  were  obtained  from 
500  grams  of  sugar. 

For  reduction,  the  acid  was  divided  into  portions  of  10  grams 
each,  and  each  portion  dissolved  in  25  cc.  of  water.  About  225 
grams  of  3  per  cent,  sodium  amalgam  were  added  slowly  to  each 
portion,  excessive  heating  being  avoided.  After  standing  for 
thirty-six  hours,  the  different  portions  were  united,  acidified  with 
sulphuric  acid,  i  :  i  by  volume,  and  the  valerolactone  distilled 
in  a  current  of  steam.  The  distillate  was  boiled  with  enough 
sodium  hydroxide  to  make  it  alkaline  and  the  solution  evaporated 
nearly  to  dryness.  The  residue  was  acidified,  the  solution  ex- 
tracted^ with  ether,  and,  after  drying  with  sodium  sulphate  and 
distilling  off  the  ether,  the  lactone  was  distilled  under  atmospheric 
pressure.  Fifty-one  grams  of  the  lactone  were  obtained  from 
81  grams  of  the  acid.  The  method  is  similar  to  that  of  Neuge- 
bauer,*  but  differs  in  detail  and,  especially,  in  that  Neugebauer 
took  fourteen  days  for  the  reduction.  Our  yield  was  also  a  little 
better. 

Condensation  of  y-Chlorvaleric  Ester  and  of  y-Bromvderic 
Ester  with  Cyanacetic  Ester. —  j/-Chlorvaleric  ester  was  prepared 
by  treating  the  lactone  with  absolute  alcohol  and  hydrochloric 
acid.  By  condensing  the  chlorester  with  cyanacetic  ester  by  means 
of  sodium  ethylate*  and  distilling  the  resulting  products  under 
diminished  pressure,  a  small  amount  of  a  crystalline  product, 
which  melted  at  185*^,  was  obtained  from  the  portion  which  came 
over  last.  It  is  believed  that  this  compound  was'2-methyl-i,i- 
cyancarboxethylcyclopentanone, 

CN 
CH,— CH— C< 

I  ^CO.C,H, 
CO 

I 
CH,— CH, 

1  Noyes*  "Organic  Chemistry  for  the  Lftbomtory,"  p.  67. 

*  Ann.  Chewi.  (Uebiar),  aa7.  100. 

*  This  Jotirnal,  33,  397. 
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but  the  amount  obtained  was  too  small  for  analysis  or  for  further 
examination. 

fi 'Methyl' a-cywiadipic  Ester, 

CN 
CH,— CH— CH< 

I  XO.CA 

CH,— CH,C0,C,H5 

— ^When  ^'-brom valeric  ester  is  condensed  with  cyanacetic  ester, 
methylcyanadipic  ester  was  formed  instead  of  the  cyclop  com- 
pound, which  was  desired.  This  boils  at  i75°-i85*^  under  a 
pressure  of  20  mm.  The  yield  was  much  greater  than  with  the 
chlorester.  The  analysis  gave:  C,  60.29,  60.09;  H,  7.97,  7.99; 
N,  5.96.    Calculated  for  C,  59.75;  H,  7.83;  N,  5.81. 

S-Methylhexanaic-i,2',&-  Acid, — By  saponifying  with  alcoholic 
sodium  hydroxide,  evaporating,  dissolving,  in  water,  acidifying 
and  extracting  with  ether,  the  corresponding  tribasic  acid  was 
obtained.  On  slow  evaporation  of  its  aqueous  solution,  the  acid 
crystallizes  in  plates  which  melt  and  decompose  at  127^-128**. 

The  Calcium  Salt,  (CgH,Oe)2Caa  +  sHoO,  is  sparingly  soluble 
in  water.  The  analysis  gave:  Ca,  20.92,  20.63;  HjO  at  200**, 
9.20,  9.36.    Calculated  for  Ca,  20.83 »"  H,0,  9.37. 

fi' Methyl  Adipic  Acid, 

CH,— CH— CH,CO,H 

I  .      . 

CH,CH,CO,H 

if  formed  when  the  tribasic  acid  is  heated  for  a  short  time  to 
200**.  After  crystallisation  from  benzene,  the  acid  melted  at  89.2**. 
On  titration  with  lime-water,  0.0632  gram  required  the  equivalent 
of  7.73  cc.  N/io  alkali.  Theory  requires  7.90  cc.  In  a  second 
experiment,  0.0315  took  3.86  cc. ;  calculated,  3.94  cc. 

The  melting-point  of  active  /5-methyladipic  acid  is  given  by 
^lanasse  and  Rupe^  as  88. 5° -89** ;  by  Baeyer'  as  89** ;  by  Semm- 
ler*  as  84.5** ;  and  by  Wagner*  as  93''-S)4-5''- 

1  B€r.  d.ckem.  Ges.^  37,  x8ao. 
«  Ibid.,  J9,  30. 
»  rbid,,  as,  3516- 
*  Jbid.^  ay,  164a. 
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2,S'Dimcthyl'2-cyanadipic  Ester, 

CH,— CH— C— CN 

I        \:o,c,H. 

CH,— CH,CO,C,H„ 
was  prq)ared,  as  usual,  by  condensing  the  monomethyl  ester  with 
methyl  iodide  by  means  of  sodium  ethylate  in  an  alcoholic  solu- 
tion.   It  boils  at  i8i**-i94"  under  a  pressure  of  29  mm. 

The  analysis  gave : 

Calculated  for  C^HjiO^N,  C,  61.18;  H,  8.24;  N,  5.49.  Found : 
C,  61.12,  61.95 ;  H,  8.49,  8.53 ;  N,  543. 

2,3'Dimethyl'i,2^,6  Acid. — The  ester  was  saponified  with  much 
greater  difficulty  than  the  corresponding  monomethyl  ester.  It 
required  two  days'  heating  on  the  water-bath  with  sodium  hy- 
droxide before  the  evolution  of  ammonia  was  complete.  The 
resulting  tribasic  acid  crystallizes  in  pearly  white  granules  which 
melt  at  159**.  On  titration  with  lime-water,  0.0361  gram  took 
the  equivalent  of  5.07  cc.  N/io  alkali,  and  0.0407  gram  took  5.55 
cc. ;  calculated,  4.97  cc.  and  5.60  cc. 

a.ft'Dimethyladipic  Acid. — The  dimethyladipic  acid,  formed  by 
heating  the  tribasic  acid  to  200**,  could  not  be  induced  to  crystal- 
lize. An  analysis  of  its  silver  salt  gave  55.45  per  cent,  silver; 
calculated  for  C8Hi204Ag„  55.67  per  cent. 

The  copper  salt  from  another  preparation  gave  only  24.90  and 
24.98  per  cent,  copper  instead  of  27.00  per  cent  calculated.  A 
salt  containing  i  molecule  of  water  would  give  24.68  per  cent, 
of  copper,  and  it  seems  probable  that  this  was  the  composition  of 
the  salt,  but  such  evidence  is  not  altogether  satisfactory.  We 
Iiad  no  time  for  the  further  investigation  of  the  salt. 


NOTES, 

Note  on  the  Avery-Beans  Method  for  the  Determination  of 
Arsenious  Acid  in  Paris  Green. — This  method  rests  on  the  prin- 
ciple that  arsenious  acid  may  be  titrated  with  iodine  in  the  pres- 
ence of  cupric  salts,  provided  an  alkaline  tartrate  be  present.  As 
originally  published,*  the  method  gives  accurate  results  only  when 

1  This  Journal,  aj,  485. 
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no  free,  white  arsenic  appears  on  treatinjr  the  j^reen  with  cold 
dilute  hydrochloric  acid.  In  this  laboratory  I  have,  for  some  time, 
treated  such  greens  as  show  a  tendency  to  Sfeparate  out  white 
arsenic  as  follows :  The  sample  is  treated  with  hydrochloric  acid 
(approximately  0.5  N)  solution  and  boiled  gently.  Five  to  10  cc. 
of  acid  for  each  o.i  gram  of  green  is  sufficient.  No  loss  of  arsenic 
by  volatilization  takes  place  unless  the  solution  becomes  concen- 
trated to  less  than  one-half  its  original  volume.  If  solution  is 
not  effected,  add  a  cold  saturated  solution  of  sodium  acetate,  using 
about  3  grams  of  the  salt  for  each  o.i  gram  of  the  green 
originally  weighed  out,  and  boil  till  all  arsenious  acid  dissolves. 
The  dilute  acid  dissolves  all  copper  and  what  we  may  call  "firmly 
combined  white  arsenic."  The  concentrated  acetate  solution  dis- 
solves all  white  arsenic  left  by  the  acid.  The  proportions  of  the 
two  solvents  may  be  varied  to  meet  the  requirements  of  individual 
gp-eens,  but  all  copper  should  be  in  solution  before  the  acetate  is 
added.  After  solution  is  effected,  an  alkaline  tartrate  and  solid 
bicarbonate  are  added  and  the  diluted  solution  titrated  as  usual. 

LmcoLw.  Neb.,  Sept.  i.  1903.  S.  AvERY. 
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ANAirYTiCAL  Chemistry.  Vol.  I.  Quautative  Analysis.  By  F.  P. 
Trxadwbll,  Ph.D.,  Professor  of  Analytical  Chemistry  in  the  Polytech- 
nic of  Zurich.  Translated  from  the  second  German  edition  by  William 
T.  Hall,  S.B.,  Instructor  in  Chemistry,  Massachusetts  Institute  of 
Technology.    New  York  :  John  Wiley  and  Sons.     1903.     Price,  $3.00. 

This  book  is  an  amplified  reproduction  of  the  lectures  on  quali- 
tative analysis  that  Professor  Treadwell  has  delivered  yearly  at 
Zurich  since  1882.  The  first  German  edition  was  issued  in  1899 
and  met  with  such  a  favorable  reception  that  it  was  followed  two 
years  later  by  a  second  edition  which  now  appears  in  English 
form. 

The  general  plan  is  that  usually  followed  in  text-books  on  this 
subject.  Under  the  heading  General  Principles,  an  introduction  of 
some  thirty  pages  treats  briefly  of  precipitation,  oxidation  and  re- 
duction, hydrolysis,  mass  action  and  the  ion  theory.  The  last  two 
subj^ts  are  alluded  to  occasionally  in  the  body  of  the  text  but  are 
not  made  the  basis  of  the  method  of  presentation. 
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The  chief  feature  of  the  work  is  the  treatment  of  the  action  of 
the  various  reagents  on  solutions  of  pure  salts.  Explanations  of 
the  mechanism  of  these  reactions  are  introduced  in  detail,  in  ccm- 
nection  with  which  free  use  is  made  of  equations  and  graphical 
formulas.  The  result  is  a  valuable  work  for  ready  reference,  es- 
pecially valuable  in  that  it  embodies  the  ideas  of  a  chemist  of 
twenty  years'  experience  in  teaching  the  subject. 

The  book  is  an  expansion  of  the  old  style  text-book  on  the  sub- 
ject and  its  chief  faults  are  inherent  in  the  method  of  presentation. 
It  is  to  be  regretted  that,  with  the  exception  of  the  pages  in  the 
introduction  giving  directions  for  the  determination  of  the  sensi- 
tiveness of  reactions,  there  is  scarcely  a  hint  in  the  whole  book  that 
the  majority  of  reactions  cannot  be  represented  quantitatively 
by  an  equation  unless  the  conditions  as  to  the  temperature,  concen- 
tration, etc.,  are  allowed  to  vary  only  within  relatively  narrow 
limits.  An  occasional  lack  of  conservatism  of  statement  about 
reactions  which  are  complicated  and  uncertain,  or  vary  under 
slightly  varying  conditions,  is  also  unfortunate.  The  impression 
is  conveyed  that  such  reactions  have  actually  been  proved  to  take 
place  in  the  way  explained  and  often  a  distinction  is  not  drawn 
sharply  enough  between  what  is  known  to  happen  and  what  is  sup- 
posed to  happen.  For  example  we  find  such  statements  as  the  fol- 
lowing: "The  oxidizing  action  of  nitric  acid  depends  upon  the 
formation  of  the  anhydride  which  then  breaks  down  into  nitric 
oxide  and  oxygen,"  page  4 ;  "if  an  excess  of  hydrogen  peroxide  is 
used"  in  oxidizing  chromic  acid  to  chromium  peroxide  "a  lively 
evolution  of  oxygen  will  ensue ;  the  chromium  peroxide  as  well  as 
the  hydrogen  peroxide  will  be  reduced.  The  oxygen  comes  from 
the  hydrogen  peroxide  while  the  hydrogen  of  the  latter  is  oxidized 
by  the  chromium  peroxide  to  water,"  page  85. 

These  faults  are  especially  noticeable  in  the  supplement  which 
treats  of  tjie  rarer  metals.  Much  of  the  matter  here  given  has  no 
place  in  a  book  of  this  sort.  The  reactions  of  the  "pure"  salts  of 
these  elements  are  of  interest,  if  it  is  actually  known  what  these 
reactions  are ;  but  a  treatise  on  Qualitative  Analysis  which  gives 
the  impression  to  the  student  that  the  behavior  of  the  rare  elements 
is  as  definitely  an*d  exactly  known  as  that  of  iron,  and  which,  aside 
from  a  table  giving  a  method  of  analysis  for  gadolinite,  ignores 
the  separation  of  these  elements  from  the  commoner  ones,  might 
better  leave  the  whole  field  of  the  rarer  elements  untouched.    We 
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note  that  ''there  are  no  characteristic  dry  reactions'*  of  Thorium, 
page  16.  Of  the  nine  wet  reactions  enumerated,  not  one  is  char- 
acteristic. The  only  characteristic  reaction  of  the  element,  that 
with  a  solution  of  potassium  trinitride^  containing  hydronitric 
acid,  is  not  mentioned.  Under  neodymium  and  praseodymium 
we  find  the  statement  "it  is  very  difficult  to  separate  these  two 
metals  from  one  another.  It  is  accomplished  only  by  repeated 
fractional  crystallization  of  the  ammonium  double  nitrate."  The 
fact  that  the  presence  of  an6ther  base,  such  as  lanthanum,  makes 
this  separation  possible  in  romparatively  few  crystallizations  is 
not  mentioned. 

The  proof-reading  leaves  something  to  be  desired;  but  in  a 
book  that  contains  as  many  formulas  and  equations  as  this,  an 
occasional  error  is  almost  unavoidable.  That  a  few  typographical 
errors  in  the  first  German  edition  should  have  survived  not  only 
the  second  edition  in  that  tongue  but  a  translation  as  well,  is, 
however,  surprising.  Such  errors  appear  in  equations  on  pages 
157  and  206.  Of  other  errors  may  be  cited  the  precipitation  of 
cobalt  by  potassium  nitrate,  page  143,  and  the  use  of  nitric  for 
hydrochloric  acid  on  page  235,  line  9.  In  general,  the  methods 
used  in  the  separation  and  detection  of  the  elements  have  been 
well  chosen.  Hillebrand's  method  for  the  detection  of  the  vana- 
dium is  introduced  in  this  edition.  The  onlyseriously  faultymethod 
which  strikes  the  eye  is  that  for  the  detection  of  hydrochloric 
acid  in  the  presence  of  hydrobromic  and  hydriodic  acids.  This 
is  attempted  by  fractional  precipitation  of  the  silver  salts  until 
finally  a  white  precipitate  is  produced.  The  adoption  of  a  test 
of  this  sort  is  inexcusable  when  we  have  at  our  command  the 
excellent  separations  based  on  the  oxidation  of  hydrobromic  and 
hydriodic  acids  by  appropriate  oxidizing  agents.* 

The  plate  of  the  spectra  is  very  poor,  but  the  typography  and 
press  work  of  the  book  are  good,  and  the  translation  has  been 
well  done.  Theodore  Whittlesey. 

Radium  and  Other  Radio-activk  Substances,  Etc.    By  William  J. 

Hammer,   Consulting  Electrical  Engineer.    New  York :  D.  Van  Noa- 

trand  Company.     Price,  |i.oo. 
This  booklet  of  ^2  pages  represents  a  lecture  delivered  before 
a  joint  meeting  of  the  American  Institute  of  Electrical  Engfineers 

>  L.  M.  Dennfs :  This  Journal,  iS,  947- 

*  See  Hart :  Am.  Oum.  /.,  6, 346  ;  Benedict  and  Snell :  Thi«  Journal,  93, 809. 
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and  the  American  Electrochemical  Society.  The  section  devoted 
to  radium  and  radio-active  bodies  is  very  instructive  and  exceed- 
ingly entertaining.  In  the  letter  to  the  author,  il.  Curie  writes, 
** Where  is  the  source  of  this  energy?  Both  Mme.  Curie  and 
myself  are  not  able  to  go  beyond  hypotheses.  One  of  these  con- 
sists in  supposing  the  atoms  of  radium  evolving  and  transforming 
into  another  simple  body  and,  despite  the  extreme  slowness  of  that 
transformation,  which  cannot  be  located  during  a  year,  the  amount 
of  energy  involved  in  that  transformation  is  tremendous.'' 

Ever}'  chemist  will  find  in  the  various  paragraphs  in  this  book 
much  material  for  reflection.  Having  studied  the  data  here  sub- 
mitted and  read  Barker's  most  interesting  fasciculus  entitled 
*'Radio-activity  and  Chemistry,"  he  will  have  had  brought  to  him 
a  very  complete  and  accurate  account  of  the  marvelous  results 
which  have  been  noticed  in  recent  years,  along  lines  which  he 
probably  never  dreamed  could  include  his  beloved  and  simple 
atom.  It  is  said  the  lamented  Rowland  once  remarked,  "that  a 
Steinway  grand  piano  was  a  comparatively  simple  piece  of 
mechanism  compared  with  an  iron  atom."  It  would  indeed  seem 
after  perusing  the  pages  of  Mr.  Hammer's  book,  as  if  not  only 
the  iron  atom,  but  the  atoms  of  many  more  of  our  elements  were 
not  only  complex,  but  were  undergoing  a  subtle  and  constant 
change. 

The  second  section  of  Mr.  Hammer's  book  gives  in  a  very 
succinct  form  most  interesting  accounts  of  the  properties  and  appli- 
cation of  selenium,  while  in  the  third  section  there  is  presented 
briefly,  it  is  true,  but  at  the  same  time  most  interestingly,  an 
account  of  the  treatment  of  diseases  by  ultra-violet  rays.  It  is 
here  that  a  description  of  the  Finsen  Institute  at  Copenhagen  is 
given  with  a  description  of  the  treatment  of  Lupus  vulgaris. 

This  publication  deserves  to  be  widely  read  because  of  the  new 
facts  which  it  presents  and  because  of  its  suggestiveness.  Certain 
typographical  errors  appear,  but  these  will  no  doubt  be  corrected 
in  a  subsequent  edition  of  the  book.  Edgar  F.  Smith. 

Die  Constitution  des  Kamphers  und  seiner  wichtigsten  Derivate, 
Von  Ossian  Aschan.     Braunschweig :   Friedrich  Vieweg  und  Sohn. 
1903.    pp.  xi  4-117. 
So  many  workers  have  busied  themselves  with  the  subject  of 

camphor,  and  the  material   accumulated  has  become  so  com- 
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plicated,  that  such  a  book  as  the  present  one  is  very  welcome. 
Without  attempting  to  give  any  details  as  to  physical  properties 
or  methods  of  preparation  for  the  derivatives  of  camphor,  it  does 
give  a  very  clear  oversight  of  nearly  all  of  the  relationships 
among  those  compounds  which  are  important  in  establishing  its 
structure.  The  work  includes:  i,  A  brief  statement  with  regard 
to  each  of  the  thirty-three  formulas  which  have  been  proposed 
for  camphor  (or  for  camphoric  acid)  ;  2,  a  stmimary  of  the  facts 
which  must  be  considered  in  deciding  what  is  the  true  structure; 
3,  a  criticism  of  the  formulas  which  have  been  propos^.  This 
criticism  demonstrates,  conclusively,  that  of  all  the  formulas  pro- 
posed Bredt's  is  the  only  one  which  can  now  be  considered  as 
possible;  4,  a  consideration  of  other  important  decomposition 
products  of  the  camphor ;  5,  a  discussion  of  the  structure  of  cam- 
phene  and  borylene. 

When  we  consider  the  very  large  number  of  compounds  which 
must  be  spoken  of  in  such  a  discussion  and  the  confusion  which 
exists  in  the  nomenclature  of  some  of  these  bodies,  it  would  seem 
almost  impossible  to  avoid  some  mistakes.  Very  few  have  been 
noticed.  The  most  important  are  the  following:  On  page  61, 
«-dihydrohyhroxy- >8-campholytic  acid  is  spoken  of  as  identical 
with  [y]-dihydrohydroxy-a-campholytic  acid;  on  page  57, 
Walker's  "allocampholytic  acid"  is  called  "  ar-camphdytic  acid" ; 
and  on  page  68,  the  active  ^-campholytic  acid  is  not  properly 
distinguished  from  ihe  racemic  form  of  the  same  compound. 

The  student  who  is  interested  in  the  special  study  of  camphor 
will  find  the  book  a  most  useful  summary  of  our  present  knowl- 
edge of  the  subject,  and  the  general  student  can  scarcely  find  a 
better  illustration  of  the  nature  of  the  work  which  must  be  done 
for  the  determination  of  the  structure  of  a  complex  organic  com- 
pound. And  the  fact  that  the  solution  of  the  problem  which  has 
been  reached  has  the  support  of  every  one  familiar  with  this  par- 
ticular field,  in  spite  of  the  diversity  of  opinion  which  has  pre- 
vailed till  very  recently,  demonstrates  that  very  positive  results 
have  finally  been  obtained.  W.  A.  No  yes. 

VAckrvvkiffn,    Th6orib.    Applications.    By  Maris-Augustb  Morbu 
Paris :  Iribraire  Gauthier-ViUars.     1903.    8  vo.     zit  -|-  169  pp. 

This  book  is  written  by  an  engineer  and  gives  a  thermochemical 

and  mathematical  treatment  of  its  subject.    Its  contents  are  well 
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indicated  by  the  chapter  headings:  I,  General  remarks  upon  the 
constitution  of  the  hydrocarbons;  II,  general  remarks  upon  the 
metallic  carbides  and  the  generation  of  the  hydrocarbons;  III, 
calcium  carbide,  its  physical  and  chemical  properties,  its  aplica- 
tions;  IV,  acetylene,  its  preparation,  its  physical,  chemical,  and 
toxic  properties;  V,  the  calorific,  optical,  and  explosive  proper- 
ties of  acetylene.  Burners:  VI,  The  different  applications  of 
acetylene.  Lighting,  heating,  motive  force :  VII,  New  considera- 
tions upon  generating  apparatus  for  acetylene  gas.  A  note  upon 
the  thermodynamic  potential  is  appended.  The  sixth  chapter  be- 
gins with  a  brief  history  of  artificial  illumination  in  general. 

There  are  a  few  noticeable  errors.  On  page  33  an  equation 
is  balanced,  using  the  formula  CaCl  for  calcium  chloride.  On 
pages  40  and  54  no  attention  has  been  paid  to  the  work  of  Keiser,^ 
who  has  shown  that  cuprous  acetylide  contains  no  oxygen  and  no 
hydrogen.  The  author  gives  it  the  formula  CsHCujOH  on  page 
40.  Dr.  Auer  von  Welsbach's  name  is  spelled  "Velbasch"  on 
page  loi.  On  page  150,  a  figure  is  given  to  parts  of  which  refer- 
ence is  made  in  the  text  by  letters,  none  of  which  appear  in  the 
figure.    Some  of  these  may  be  the  fault  of  the  printer. 

The  book  is  very  well  written,  although  the  author  occasionally 
lapses  into  poetical  expressions.  He  is,  perhaps,  ultra-enthusiastic 
in  favor  of  the  use  of  acetylene  for  lighting  anything  or  any  place, 
but  all  hi^  comparisons  are  made  fairly  and  do  not  deal  in  gener- 
alities. 

Very  little  apparatus  is  described,  but  the  author  says  in  his 
preface  that  he  intends  to  describe  only  that  which  is  most  nearly 
correct  theoretically. 

The  typographical  work  is  generally  good. 

The  book  is  of  value  to  engineers  and  others  who  are  interested 
in  the  installation  of  apparatus  for  the  production  of  acetylene. 
It  is  also  a  useful  addition  to  the  library,  for  it  gives  a  condensed 
and  systematic  form,  quite  a  complete  resume  of  the  chemistry 
and  uses  of  acetylene.  Benton  Dales. 

1  Am.  Ckem.J.^  14,  285. 
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In  a  paper  entitled  *'Some  Preliminary  Experiments  upon 
the  Clinkering  of  Portland  Cement,"*  one  of  the  authors 
has  reported  some  results  obtained  in  a  laboratory  rotary 
cement  kiln.  The  calcium  carbonate  used  in  all  the  preliminary 
experiments  was  in  the  form  of  a  very  light  marl,  so  that  when 
clinkering  took  place  it  was  accompanied  by  very  marked  con- 
traction in  volume.  It  was  suggested  that  a  burning  on  raw 
materia],  such  as  is  used  in  the  cement  mills  of  Eastern  Pennsyl- 
vania, might  give  somewhat  different  results  from  those  obtained 
from  the  light  marl  mixed  with  clay,  and  so  it  was  decided  to 
make  a  couple  of  experiments  with  rock-cen^f  nt  mixtures.  The 
material  employed  in  the  two  experiments,  to  be  later  described, 
was  a  ground  raw  mixture  just  as  it  is  fed  into  the  rotary  for 
the  dr}'  process.  This  raw  mixture  is  that  used  by  one  of  the 
best  Lehigh  Valley  mills  and  was  furnished  for  these  experiments 
through  the  courtesy  of  the  management. 

1  This  Jonrnml,  34,  969. 
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Before  detailing  the  experiments  made  upon  the  cement-rock 
mixture,  we  wish  to  describe  the  method  now  employed  in  this 
laboratory  for  determining  the  actual  temperature  attained  by  the 
pieces  of  clinker  in  passing  through  the  rotary.  In  the  first 
papers  publisher  by  one  of  us  on  "A  Rotary  Cement  Kiln 
for  use  in  the  Laboratory/'*  the  method  of  measuring  the 
temperature  of  the  furnace  is  described.  In  this  method,  the  tem- 
perature attained  by  a  Le  Chatelier  thermocouple,  insulated  with 
porcelain  tubing  and  protected  with  sheet  platinum,  is  observed. 
But  this  temperature  was  supposed  to  be  35®  to  40**  C.  lower 
than  that  attained  by  the  clinker.  The  temperatures  given  in  the 
paper,  first  quoted  in  this  article  as  representing  the  temperatures 
attained  by  the  clinker,  are  based  on  the  assumption  that  the  clin- 
ker becomes  35**  hotter  than  the  protected  thermocouple.  It  is 
true  that  if  the  bare  couple  be  placed  in  the  rotary,  it  will  reach 
a  higher  temperature  than  that  shown  by  the  protected  couple. 
This  does  not,  however,  warrant  the  assumption  that  pieces  of 
clinker  in  contact  with  the  rotary  lining  will  attain  as  high  a 
temperature  as  the  bare  couple.  It  was  because  of  the  feeling 
that  the  relation  between  the  temperature  of  the  clinker  and  that 
of  the  fixed  couple  was  not  what  we  have  assumed  in  our  previous 
work,  that  a  series  of  experiments  was  made  to  determine  the 
relation  of  these  temperatures.  A  calibration  of  the  fixed  thermo- 
couple was  made,  as  in  our  previous  work,  by  careful  comparison 
of  the  electromotive  force  with  that  of  a  couple  standardized  by 
the  physikalische-technische  Reichsanstalt.  The  electromotive 
force  at  the  melting-point  of  strictly  pure  platinum  was  also  de- 
termined, and  used  in  the  calibration.  Although  an  entirely  new 
set  of  thermocouples  and  galvanometer  were  used  in  the  present 
experiments,  the  temperatures  recorded  for  the  fixed  thermo- 
couple agreed  within  the  limits  of  experimental  error  with  those 
of  our  previous  work.  In  order  to  determine  the  relation  between 
the  temperature  attained  by  pieces  of  clinker  and  that  observed 
at  the  fixed  thermof ouple,  the  following  method  was  used :  About 
2  kg.  of  magnesite  brick  were  crushed,  and,  after  mixing  with 
one-ninth  its  weight  of  a  rather  fusible  clay,  was  ground  to  a  fine 
powder.  This  mixture  was  moistened  with  enoiigh  water  to 
enable  it  to  be  rolled  out  and  cut  into  cubes,  of  about  three-eights 
inch,  which  were  then  dried.    These  cubes  \yere  passed  throiigrh 

1  This  JournAl,  94,  348. 
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the  rotary  at  a  full  beat,  the  result  being  hard,  well-sintered,  but 
infusible  "magnesite  clinkers."  A  Seger  cone  of  the  standard 
size  was  placed  in  an  assay  muffle,  the  temperature  of  which  was 
then  raised  until  the  top  of  the  cone  bent  over  enough  to  touch 
the  bottom — ^the  method  usually  employed  for  standardizing  these 
cones.  The  extent  to  which  this  ccme  had  rounded  at  the  comers, 
etc,  gave  a  standard  with  which  to  compare  pieces  of  cone  which 
had  passed  through  the  rotary.  In  testing  the  temperatures  at- 
tained by  the  clinker  in  the  rotary,  a  cone  of  low  fusing-point 
(990**  C.)  was  first  employed.  Cones  of  this  softening-point 
were  broken  into  pieces  of  as  nearly  as  possible  the  same  size  as 
the  "magnesite  clinker."  When  the  rotary  was  filled  wil;^  the 
magnesite,  a  piece  of  the  cone  was  fed  with  the  magnesite  every 
four  or  five  minutes.  The  temperature  was  gradually  raised  until 
the  pieces  coming  out  showed  an  extent  of  softening  or  fritting 
equal  to  that  of  the  standard  cone.  This  point  was  usually  quite 
sharply  defined,  as  \vhen  the  pieces  of  cone  attained  this  condi- 
tion they  would  begin  to  stick  either  to  each  other  or  to  adjacent 
pieces  of  magnesite.  In  this  way  our  experiments  were  made 
with  a  number  of  cones  of  a  higher  softening-point,  up  to  between 
1500*"  and  1600"  C.  These  experiments  showed  that  at  the  lower 
temperature  the  clinker  does  not  get  as  hot  as  the  fixed  couple, 
but  that  it  approaches  the  temperature  of  the  fixed  couple  as  the 
heat  is  raised,  until  at  about  1270*^  C.  they  are  equal.  At  tem- 
peratures above  1270**  C,  the  clinker  is  hotter  than  the  thermo- 
couple, this  difference  amounting  to  very  nearly  19®  at  1600**  C. 
The  relation  of  the  "clinker  temperature"  to  that  observed  at  the 
fixed  couple  is  shown  in  the  following  table : 

Table  I. 


OtMerved  tempentare.          ( 
«C. 

ninker  temperature. 

<*c. 

1000 

984 

—16 

liqo 

1090 

—10 

1200 

II96 

-  4 

1300 

1302 

-f   2 

1400 

1407 

+  7 

T500 

1513 

+13 

1600 

1619 

+19 

The  "clinker  temperatures,"  reported  in  experiments  104-105 
to  be  described,  were  determined  according  to  this  table.  The 
"clinker  temperature,"  in  our  previously  reported  work,  can  be 
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easily  derived  by  first  subtracting  35®,  thus  obtaining  the  "ob- 
served temperature,"  and  then  applying  the  necessarj'  correction 
according  to  the  above  table. 

EXPERIMENT  I04. 

The  material  used  in  this  experiment  was,  as  mentioned  earlier 
in  this  paper,  the  ground  raw  mixture  just  as  it  is  fed  into  the 
rotaries  of  one  of  the  leading  Eastern  cement-mills  employing 
the  dry  process.  The  chemical  composition  of  this  mixture  will 
be  described  under  Experiment  105.  A  mechanical  analysis  of 
the  raw  mixture  gave  the  following  figures : 

Per  cent. 

Retained  on    so-tnesh  sieve 3.  i 

"        •*    100    •'        ••     11.3 

"    200    **        "     13.2 

Through  aoo-mesh  sieve 72.4 

This  raw  mixture  was  moistened  with  just  enough  water  to 
allow  it  to  be  rolled  out  and  cut  into  small  cubes,  as  done  in  our 
previous  work.  The  rotary  furnace  was  fed  with  this  prepared 
material,  and  samples  of  from  80  to  100  grams  each  were  collected 
at  twenty-five  different  temperatures  ranging  from  993*  to 
1612®  C.  When  the  desired  amount  of  clinker  had  been  collected 
at  any  given  temperature,  the  temperature  of  the  furnace  was 
raised  up  to  the  next  higher  point  desired,  and  the  first  Co  to  70 
grams  of  clinker  leaving  the  furnace  rejected  before  the  final 
sample  was  kept.  The  60  to  70  grams  of  clinker,  rejected  between 
the  sample  saved,  is  the  amount  required  to  fill  the  furnace  from 
the  hot  zone  to  the  discharge  end  and,  consequently,  represents 
the  clinker  formed  at  heats  intermediate  between  the  desired  tem- 
peratures. The  change  in  appearance  of  the  samples  of  clinker 
is  shown  in  Plate  I,  made  from  a  full-sized  photograph. 

Samples  of  these  clinkers  were  ground  with  1.5  per  cent,  cal- 
cium sulphate  (dehydrated  gypsum).  The  methods  employed 
for  determining  the  water  required  for  normal  consistency,  the 
initial  and  final  sets,  and  boiling  tests  were  those  employed  in  our 
previous  experiments.  The  data  obtained  from  Experiment  104 
are  summarized  in  the  following  table : 
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The  appearance  of  the  pats  from  Experiment  104  is  shown  in 
Plates  II,  III,  IV  and  V. 

EXPERIMENT  105. 

The  material  used. in  this  experiment  was  the  same  raw  material 
as  that  used  in  Experiment  104.  Before  adding  water  and  mold- 
ing into  cubes  for  burning,  the  dry  mixture  was  ground  in  a 
pebble  mill  for  five  h6urs.  The  jar  in  which  the  grinding  was 
done  had  a  special  lining  made  for  this  purpose  of  the  best  Berlin 
porcelain.  The  pebbles  used  were  carefully  selected,  smooth  flints. 
A  mechanical  analysis  of  the  mixture  after  five  hours'  grinding 
gave  the  following  results : 

Per  cent. 

Retained  on  loo-tnesh  sieve o 

**        **  200    **         •*     2 

Through  200-niesh  sieve 98 

That  material  ground  in  this  porcelain-lined  jar  mill  does  not 
take  up  sufficient  impurities  to  seriously  alter  the  composition 
was  determined  in  two  ways :  First,  2  kilograms  of  crushed  crys- 
talline calcite  were  ground  for  three  hours.  The  combined  per 
cent,  of  silica,  alumina,  and  ferric  oxide  before  grinding  was  0.71 ; 
after  grinding  three  hours,  the  material  showed  0.75  per  cent. 
Second,  the  clinker  from  Experiment  104  gave  total  silica  and 
undecomposed  silicates,  22.02  per  cent.,  while  that  from  Experi- 
ment 105  gave  22.06  per  cent. 

The  raw  mixture  used  had  the  following  composition:  SiOj, 
14.09;  AUOs,  5.94;  FcjOs,  1.67;  CaO,  41.21;  MgO,  1.76;  SO,, 
0.39 ;  loss  on  ignition,  34.60.  The  finely  ground,  raw  material  was 
mixed  as  in  the  previous  experiment  with  enough  water  to  allow 
it  to  be  rolled  out  and  cut  into  cubes  for  burning.  From  this  pre- 
pared material,  twenty-four  samples  of  the  clinker  were  collected 
at  temperatures  ranging  from  1022**  to  1627**  C. 

The  composition  of  the  clinker  produced  at  some  of  the  higher 
temperatures  was  as  follows:  Total  SiOj,  21.55;  total  Al^O^, 
9.09;  FcaO.*  2.56;  CaO,  63.01 ;  MgO,  2.73;  SOa,  0.60;  total  99.56 
per  cent 

The  molecular  ratios  in  the  clinker  calculated  to  the  basis  of 
100  molecules  of  silica  are  as  follows:  SiOj,  100;  Al^O,,  24.9; 
Fe^Oa,  4.5;  CaO,  315.2;  MgO,  19.1.  The  appearance  of  the 
clinkers  is  shown  in  Plate  VI. 
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Samples  of  these  clinkers  were  ground  with  1.5  per  cent,  cal- 
cium sulphate  (dehydrated  gypsum),  and  determinations  of  water 
required  for  normal  consistency,  initial  and  final  sets,  and  boiling 
tests  were  made  as  in  the  previous  experiment.  The  data  ob- 
tained from  Experiment  105  are  summarized  in  Table  III. 

The  appearance  of  the  pats  from  Experiment  105  is  shown  in 
Plates  VII,  VIII,  IX  and  X. 

In  considering  the  samples  of  Experiment  105,  the  conditions 
of  formation  of  sample  No.  21  should  be  taken  into  account.  Up 
to  sample  No.  20  inclusive,  the  color  of  the  clinker  darkened  pro- 
gressively with  increase  of  temperature.  Owing  to  some  difficulty 
with  the  hydrocarbon  burner,  the  gasoline  jet  would  not  draw  in 
sufficient  air  for  complete  combustion  above  i50i**C.,  at  which 
temperature  No.  20  was  burned.  When  the  valve  was  opened 
a  little  wider  in  order  to  raise  the  temperature,  a  small  amount 
of  carbon  monoxide  was  produced  in  the  gas  with  the  result 
that  the  clinker  became  a  little  lighter  rather  than  darker  in  color. 
Oxygen  was  introduced  from  the  time  No.  21  was  collected  with 
the  result  that  Nos.  22,  23  and  24  all  had  the  deep  blackish  brown 
color  characteristic  of  properly  burned  clinker.  Whether  the 
quick  initial  set  of  No.  21  was  due  to  the  slight  reducing  condi- 
tions in  the  furnace  at  the  time  of  burning,  we  are  not  prepared 
to  state  positively.  It  will  be  noticed  that  with  the  exception  of 
No.  21,  the  time  of  the  initial  set,  after  a  perfect  hot  test  was  ob- 
tained, decreased  with  increased  temperature,  but  the  time  between 
the  initial  and  the  final  set  for  these  same  samples  was  nearly 
constant.  The  influence  of  the  atmosphere  within  the  furnace 
upon  the  time  of  setting  as  well  as  upon  the  other  properties  of 
cement,  we  hope  to  investigate  more  closely  at  a  later  date. 

It  was  thought  that  some  light  might  be  thrown  upon  the  re- 
actions of  clinkering  by  dissolving,  in  dilute  hydrochloric  acid, 
some  of  the  clinkers  produced  at  temperatures  at  which  there 
were  marked  changes  in  the  physical  properties  of  the  cement. 
The  first  method  employed  was  that  usually  recommended;  that 
is,  three  successive  boilings  for  five  minutes  each  with  lO  per  cent. 
hydrochloric  acid.  A  number  of  experiments,  however,  proved 
that  more  complete  decomposition  could  be  effected  by  digestion 
with  hot  hydrochloric  acid  than  with  successive  boilings.    If  the 
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acid  solution  containing  the  cement  in  suspension  is  boiled,  gelati- 
nous silicic  acid  seems  to  deposit  on  some  of  the  larger  particles 
of  cement,  thus  preventing  the  acid  from  effecting  complete  de- 
composition. It  was  found  that  if  0.5  gram  of  the  cement  is 
placed  in  50  cc.  of  water  and  this  boiled  for  from  two  to  three 
minutes,  then  removed  from  the  hot  plate  and  5  cc.  hydrochloric 
add  (sp.  gr.  1.20)  added,  and  the  solution  stirred  for  about  five 
minutes  without  further  heating,  the  silicic  acid  set  free  nearly  all 
remains  in  solution  and  a  more  perfect  decomposition  is  appar- 
ently effected  than  by  boiling. 

Accordingly,  six  of  the  samples  were  treated  in  this  way.  The 
total  silica  having  been  determined,  samples*  of  the  various  clinkers 
examined  were  first  boiled  with  water,  to  which  was  then  added 
the  hydrochloric  acid,  and  after  a  few  minutes'  stirring  the  solu- 
tion was  filtered.  The  residue,  after  washing  with  acidified  water 
until  free  frcxn  soluble  salts,  was  gently  ignited  and  weighed. 
The  difference  in  weight  between  this  residue  and  that  obtained 
by  the  usual  method  of  decomposition,  evaporation  to  drj'ness, 
etc.,  for  total  insoluble  residue,  was  taken  as  "SiO,  soluble  in 
HCl."  The  residue  insoluble  in  hydrochloric  acid  was  boiled 
in  a  platinum  dish  with  10  per  cent,  sodium  carbonate,  filtered, 
washed,  and  weighed.  The  loss  thus  obtained  was  reported  as 
"SiOj  soluble  in  NajCOj."  The  residue  from  the  digestion  with 
sodium  carbonate  was  treated  with  hydrofluoric  acid,  the  loss  giv- 
ing the  "SiO,  by  HF."  The  final  residue  was  reported  as  "Residue 
from  HF."  With  the  exception  of  No.  i,  which  gave  a  loss  on 
ignition  of  21.03  per  cent.,  the  decomposition  of  the  calcium  car- 
bonate of  the  samples  examined  was  complete.  The  action  of 
hydrochloric  acid,  etc.,  upon  the  six  samples  examined  is  sum- 
marized in  the  following  table : 


Table  IV. 

SiOj 

imple 
imber. 

Clinker 
tempenture. 

RcAidu^  fVom 

•ol.  in  HCl. 

Ml.  in  Na.COt. 

by  HF. 

HF. 

I 

102a 

5.67 

1.18 

10.67 

4.54 

6 

1 148 

8.77 

0.86 

8.34 

4.09 

9 

1224 

13-92 

1. 19 

4.09 

2.86 

14 

1352 

17.91 

3.61 

0.28 

0.26 

19 

1475 

19.99 

123 

0.42 

0.42 

34 

1625 

20.03 

1.07 

0.50 

0.46 
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Although  the  results  given  in  Table  IV  cannot  be  considered 
as  final  and  will  need  confirmation,  they  indicate  one  or  two  rather 
interesting  points. 

It  will  be  noticed  that  the  silica,  soluble  in  hydrochloric  acid, 
increases  with  the  increase  in  the  temperature  at  which  the  clinker 
is  produced.  The  silica,  soluble  in  sodium  carbonate,  however, 
reaches  a  maximum  in  sample  No.  14,  burned  at  1352''.  The  total 
insoluble  residue  after  treatment  with  sodium  carbonate,  usually 
reported  as  "undecomposed  silicate,"  is  smallest  (0.54  per  cent.)  in 
this  same  sample.  The  amount  of  undecomposed  silicates  seems  to 
increase  with  rise  in  temperature  above  1352®,  and  the  proportion 
of  silica  giv^n  off  on  treating  these  undecomposed  silicates  with 
hydrofluoric  acid,  is  about  one-half  their  weight. 

These  results  would  go  to  indicate  that  probably  all  of  the 
original  silicates  were  converted  into  readily  decomposable  basic 
silicates  by  the  time  a  temperature  of  1352**  was  reached,  and  that 
the  increased  amount  of  undecomposed  silicates  found  in  the  high 
numbers  may  be  due  to  the  more  acid  silicates  left  in  the  magma, 
from  which  the  tricalcium  silicate  or  other  true  cement-forming 
material  has  separated. 


[Contribution  prom  thb  Kbnt  Chemical  Laboratory  op  thb  Uni- 
versity OP  Chicago.] 

THE  THEORIES  OF  INDICATORS.' 

By  Julius  Stibglztz. 

Received  August  lo,  1903. 

In  connection  with  the  use  of  indicators  in  the  titration  of 
acids  and  alkalies  there  are  two  main  questions  of  theoretical  in- 
terest: First,  what  chemical  change  does  the  indicator  undergo 
which  causes  it  to  change  color,  and,  second,  what  is  the  cause  of 
the  characteristic  differences  in  sensitiveness  shown  by  such  in- 
dicators as  phenolphthalein  and  methyl  orange  towards  the  vari- 
ous acids  and  bases — differences  which  are  of  the  greatest  im- 
portance in  laboratory  practice. 

Considering  first  the  more  interesting  question  as  to  the  change 
of  color,  we  find  two  distinct  views  held ;  but  only  one,  the  theory 
of  Ostwald,  has  become  generally  known  and  has  found  a  place 

1  See  Stieglitz,  this  Journal,  94,  5S8  (1903). 


THE  THEORIES  OF  INDICATORS.  1 1 13 

and  uniform  accq)tance  in  every  modern  text-book  examined* 
which  discusses  the  subject  at  all.*  It  is  extremely  probable, 
moreover,  that  this  theory  is  wrong  in  so  far  as  the  interpretation 
of  the  cause  of  the  change  of  color  is  concerned.  The  other  view, 
growing  out  of  researches  with  organic  dyes  and  other  colored 
substances,  appears  to  be  almost  unknown,  although  work  in  more 
recent  years  is  confirming  results  which  had  their  origin  over  ten 
years  ago.  While  most  likely  wrong  in  regard  to  the  one  ques- 
tion of  change  of  color,  Ostwald,  in  his  theory  of  indicators,  has  un- 
doubtedly laid  down  correctly  the  guiding  principles  of  the  proper 
theoretical  treatment  of  the  second,  scientifically  far  more  im- 
portant, question,  concerning  the  varying  sensitiveness  0/  the  in- 
dicators to  acids  and  bases.  In  this  paper,  it  is  proposed  to  dis- 
cuss, critically,  the  two  theories  concerning  the  change  of  color  and 
particularly  to  develop  the  relation  of  the  newer  interpretation 
of  this  phenomenon  to  Ostwald's  fundamental  views  on  the  sen- 
sitiveness of  indicators.  It  is  thought  that  such  a  development 
may  remove  the  main  obstacle  in  the  way  of  the  general  accept- 
ance of  what  seems  to  the  author  the  correct  explanation  of  the 
color  change. 

THE  CHANGE  OF  COLOR  OF  INDICATORS. 

The  Ionization  Theory, — ^AU  indicators  used  with  acids  and 
bases,  as  Ostwald  pointed  out,  are  themselves  either  bases  or  acids 
and  capable  of  salt  formation.  A  few,  like  methyl  orange,'  are 
at  the  same  time  both  base  and  acid  (amphoter),  and  able  to  form 
salts  either  with  an  acid  or  a  base.  There  is  an  undoubted  in- 
timate connection  between  this  salt  formation  and  the  change  of 
color,  but  what  is  the  real  nature  of  the  connection  ?  According 
to  Ostwald's  theory,*  which  has  found  such  wide  acceptance,  the 
change  of  color  of  an  indicator,  tersely  expressed,  is  due  to  a 
change  of  its  ionic  condition.  In  the  case  of  phenolphthalein, 
which    may    be    used    in    illustration,    the    colorless    molecule, 

i  Ostwmld't  **  X.chrbttcb  der  allgetneinen  Chexnie/'  1891,  and  "  Scientific  Poundationsof 
Analytical  Cherawtry."  1900;  Walker's  "Introduction  to  Phyaical.  Chemistry,"  1899; 
Ncmst'a  "  Theoietiache  Chemic,"  1900;  Arrhenius's  •*  Electrochemie,"  1901 ;  Jones's  **  Ele- 
ments of  Physical  Chemistry,"  190a,  and  "  Principles  of  Inorganic  Chemistry,"  1903. 

«  Bee,  howerer.  W.  A.  Noyes's  "  Organic  Chemistry,"  published  while  this  paper  waa 
being  written,  and  referring  to  the  other,  probably  correct  view. 

*  The  indioitor  chancteristics  of  methyl  orange  are  due  essentially  to  iU  basic  char- 
acter (see  twlow). 

«  Ostwald :  Loc.  a'i. 
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OCOCoH^CCCoH^OH)^,   (I),  is  supposed  to  produce  the  red 

L J         r n 

negative  ion,  OCOCeH,C(CoH,OH)CeH^O,  (II).  Phenol- 
phthalein,  which  appears  to  be  a  very  weak  acid,  can  indeed  be  very 
little  ionized  in  aqueous  solution,  and  the  dissociation  constant 
for  the  condition  of  equilibrium, 

ph::p'  +  h-. 

must  be  so  small  that  a  slight  excess  of  hydrogen  ions  from  any 
acid  would  be  able  to  suppress  almost  completely  the  negative 
phenolphthalein  ions.  Its  alkali  salts,  however,  would  be  very 
highly  ionized,  like  all  alkali  salts.  We  have,  therefore,  coin- 
cident with  the  change  of  color,  a  change  also  of  phenolphthalein 
from  the  molecular  to  the  ionic  condition.  It  was,  perhaps,  a 
perfectly  natural,  although  not  a  necessary,  conclusion  that  the 
simultaneous  change  of  ionic  condition  and  color  bear  the  relation 
to  each  other  of  cause  and  effect.  This  conclusion  was,  doubt- 
less, even  more  readily  reached  and  accepted  because  Ostwald  had 
just  shown,*  with  the  aid  of  the  spectroscope,  that  many  of  the 
characteristic  changes  of  color  which  dry  inorganic  salts  ex- 
perience on  treatment  with  water  are  almost  certainly  due  to 
changes  from  the  molecular  form  to  the  differently  colored  ions,  so 
that  solutions  of  all  salts  of  a  given  metal  like  copper  show  iden- 
tical absorption  spectra  when  the  salts  are  completely  ionized.' 
In  spite  of  this  parallel  with  inorganic  salts  and,  notwithstanding 
the  striking  coincidence  mentioned  above,  on  which  this  theory  of 
the  change  of  color  of  an  indicator  like  phenolphthalein  is  based, 
facts  have  been  known  for  ten  years  and  new  ones  have  become 
known  more  recently,  which  prove  that  the  change  is  not  primarily 
due  to  a  change  of  ionic  condition,  but  to  a  very  important 
change  of  constitution  of  the  phenolphthalein  molecule  when  it 
goes  from  the  colorless  into  the  red  condition. 

The  "Chromophoric  Theory," — In  view  of  what  chemists  have 
known  for  over  a  quarter  of  a  century  about  the  intimate  con- 
nection between  color  production  and  constitution  of  organic  com- 
pounds, the  explanation  that  phenolphthalein  (I)  without  a  sin- 
gle chromophoric  group  should  become  intensely  red  by  forming 
the  ion  (II)  without  any  chromophoric  group,  appeared  from  the 

1  In  the  "Lehrbuch/*  p.  799,  the  theory  of  indicators  follows  immediately  the  discua* 
sion  of  the  color  of  inorganic  salts. 

*  See.  however,  Kastle,  Am.  Chem.J.^  16,  336  (1S94). 
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outset  as  extremely  unlikely.  As  early  as  1892,  a  year  after 
Ostwald's  theory  was  published,  Bernthsen^  made  it  appear  prac- 
tically certain  that  whereas  phenolphthalein  in  its  colorless  solu- 
tion has  the  constitution  of  a  lactone,  as  expressed  by  (I),  its 
red  salts  are  the  salts  of  a  carboxyl  acid,  not  a  phenol,  and  have 
the  constitution.^  (MeOOC.C^HJCHOCeHJC:  CeH^:  O.  The 
strongly  chromophoric  quinoid  complex  ( :  Ce,H4:  O)  gives  us  an 
explanation  of  the  production  of  intense  color,  which  is  entirely 
adequate,  in  view  of  the  general  laws  governing  color  in  organic 
compounds.  The  sodium  salt  is,  no  doubt,  incidentally  ionized 
in  solution,  but  that  this  ionization  is  merely  a  coincidence  and 
not  a  cause  is  established  by  the  fact  that  the  solid,  dry,  non-ionized 
silver  salt  is  also  intensely  colored  (violet).  Other  strong  proof 
that  the  view  first  presented  by  Bernthsen  is  the  correct  one,  lies 
in  the  fact  that  Nietzki  and  Burckhart*  have  prepared  colored, 
non-ionized  ethers  of  tetrabromphenolphthalein, 

(C,H,0,C.C«H,)  (HOCeH,Br,).C :  CeH.Br, :  O 
and 

(QHAC.CeHJ  (C,H,OCeH,Br,).C :  CeH,Br, :  O, 
with  quinoid  molecules,  and  colorless  lactoid  ethers,  isomeric  with 
the  colored  one,  namely, 

OCOCeH,C(C.H,Br,OH)(QH2BroOC,H5) 

J 1 

and 

OCOQH.CCCeH.Br.OaHOa. 
I I 

In  the  absence  of  the  chromophoric  quinoid  group,  color  is  also 
absent,  but  the  question  of  ionization  has  no  effect  at  all  on  the 
matter  of  color  or  absence  of  color. 

Similarly,  it  has  long  been  known  that  the  intensely  colored 
salts  of  the  rosaniline  series  of  dyes  are  quinone  derivatives,  e,  g., 
the  hydrochloride  of  pararosaniline, 

(H,NC,HJ,C:CeH,:NH,Cl, 
and  that  the  corresponding  free  base  is  more  or  less  rapidly  con- 
verted into  the  isomeric,  colorless  carbinol, 
(H,NCeHJ,C(OH), 
the  color  disappearing  again  with  the  quinone  complex.     The 

1  OUm.  Zig.^  p.  1956  (1893).     Vidi  also  Priedl&nder:  Ber.  d.  chem.  Ges.,  >6,  17a.  ^258 

{1893). 

*  The  lactone  ring  it  saponified  very  readily  by  alkalies,  as  are  lactones  in  general. 

•  Btr,  d.  chem.  Ges.^  30. 175  (1897). 
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difference  between  the  behavior  of  phenolphthalem  and  rosaniline, 
as  will  be  shown,  is  essentially  a  difference  in  the  speed  of  the 
change  of  constitution.  More  recently,  Hantzsch*  has  shown 
that,  in  general,  the  change  of  colorless  organic  compounds  into 
highly  colored  salts' is  invariably  accompanied  by  a  modification 
of  the  constitution  affecting  a  chromophoric  group.  Reference 
need  only  be  made  to  the  formation  of  red  salts, 

RC(NO,) :  NONa, 
from  the  colorless  nitrolic  acid, 

.     RCH(NO,)NO. 

THE  CHANGE  OF  COLOR  OF  INDICATORS  SHOWING  TWO  COLORS. 

The  Ionization  Theory, — ^Turning  to  the  consideration  of  a 
secohd  kind  of  indicators,  such  as  methyl  orange  and  litmus, 
which  change  from  one  color  to  another,  we  again  find  the  two 
theories  confronting  each  other.  According  to  Ostwald's  views,* 
as  slightly  modified  by  Kiister,'  the  yellow  color  of  methyl  orange 
in  alkaline  solution  is  due  to  the  formation  of  an  intensely  yellow, 
negative  ion, 

dsSC«H,N:NCoH,N(CH3)„ 
methyl  orange,  which  is  amphoter,  behaving  in  this  case  as  an 
acid.    In  acid  solution,  we  have  an  ion  which  carries  both  a  nega- 
tive and  a  positive  charge, 

OaSCeH^N:  NC,H,N(CH3),H, 
and  which  is  said  to  have  a  not  very  intense  red  color.  The  diflfer- 
ence  between  the  two  colored  substances  is  supposed  to  be  simply 
one  of  ionization ;  both  are  supposed  to  have  essentially  the  same 
chromophoric  complex  (the  azo  groups,  N:  N),  but  different  elec- 
tric charges. 

The  "Chromophoric  Theory." — In  view  of  what  has  been  ex- 
plained above  as  to  the  change  of  constitution  and  of  chromo- 
phoric complexes  attending  the  change  of  phenolphthalein,  the 
rosanilines,  etc.,  from  a  colorless  to  a  colored  condition,  we  are 
justified  in  questioning  the  adequateness  of  the  ionization  explana- 
tion of  the  change  of  color,  also,  of  bicolored  indicators  like  methyl 
orange.  We  may  ask  whether  analogous,  constitutional  and 
chromophoric  changes  of  the  molecule  of  methyl  orange  do  not 

1  Ibid.,  3J,  583,  3085  (1899),  etc. 

*  '*  Scientific  Foundations  of  Analjrtical  Chemistry." 

*  ZUchr.  anorg.  Chem.,  13,  135  (1897);  yide  Rredigr :  Zlsehr.  Etektroektm.,  6,  33  (1899). 
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accompany  its  transition  from  yellow  to  red,  and  vice  versa  As 
a  matter  of  fact,  for  reasons  quite  distinct  from  the  sole  question 
of  color,  chemists  have  for  a  number  of  years  been  seriously 
divided  as  to  the  true  constitution  of  dyes  of  the  class  of  methyl 
orange  (amino  and  hydroxyazobenzene  dyes).  There  are  two 
possible  constitutions  for  methyl  orange : 

(I)  HO,SCeH,N :  NCeH.NCCH,), 

which  represents  an  aminoazobenzene  with  a  chromophoric  azo 
group  (N:N),  and 

(II)  0,SCeH,NH.N :  CeH, :  N(CH3)„ 

( 1 

the  inner  salt  (sulphonate)  of  a  phenylhydrazone  of  an  imino- 
quinone,  containing  the  chromophoric  quinoid  group  ( :  C^H^:  ). 
It  seems  extremely  probable  that  in  alkaline  solutions  we  have 
yellow,  metal  salts  of  methyl  orange  of  the  constitution  (I),  with 
the  azo  group,  and,  In  acid  solution,  red  salts  of  the  quinoid  consti- 
tution (II)  or,  in  the  presence  of  ^  excess  of  acid,  the  perfectly 
analogous  red  salts  of  other  acids,  such  as 
(IF)  HO.SCeH.NH.N :  C,H, :  N(Ctl3),Cl. 

The  change  of  color  would  then  be  attended  by  a  profound 
change  of  chrorilophoric  c(Mnplexes.  Aside  from  the  general  con- 
siderations of  analog}'  to  phenolphthalein  and  other  dyes,  and  of 
agreement  with  the  general  laws  governing  color  in  organic  com- 
pounds, the  chief  support  for  this  "chromophoric  theory"  of  the 
change  of  color  of  bicolored  indicators  is  found  in  the  fact  that 
for  hydroxyazobenzene,  which  structurally  is  entirely  analogous 
to  methyl  orange,  Hantzsch*  has  recently  proved  that  in  alkaline 
solutions  it  is,  indeed,  the  salt  of  an  azophenol, 

CeH,N:NCeH,ONa, 
but  in  neutral  and  acid  solutions  a  phenylhydrazone  of  quinone, 
c*  " 

(HClCeH.NH)  .N :  QH, :  O. 
The  dry  sodium  salt  is  orange,  the  dry  hydrochloride  a  deep 
purple-red.    With  the  change  of  constitution  we  have,  therefore, 
again  a  marked  change  of  color. 

THE  CHANGE  Ot  COLOR  AND  Ot  IONIZATION  A  COINCIDENCE. 

Results  of  the  last  ten  years  in  the  field  of  organic  chemical 
research,  such  as  the  work  of  Nef  on  the  salts  of  acetoacetic  and 

»  B€r.  d,  chem,  Ga^  3J,  590.  3089  (1899). 
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malonic  ethers/  and  of  Hantzsch  on  pseudo-acids  and  bases, 
enable  us  to  understand  also  very  readily  why  there  should  be 
this  striking  coincidence  between  the  change  of  color  of  indi- 
cators and  the  change  of  the  ionic  condition  without  any  strictly 
causal  relation  between  the  two  facts.  The  coincident  is  sim- 
ply due  to  the  fact  that  many  organic  acids,  and  among  them 
indicators  that  are  acids,  are  extremely  unstable  in  the  form  of 
free  acids,  and  readily  suffer  a  change  of  constitution  to  closely 
allied,  isomeric  (tautomeric)  substances,  which  are  no  true  acids 
(not  ionized).  Analogous  relations  are  known  to  exist  for  many 
organic  bases.  The  salts,  however,  of  such  acids  or  bases  are 
stable,  whether  in  solution  (ionized)  or  dry  (noa-ionized).  Thus 
nitrophenylmethane  is  known  in  two  forms;*  isonitrophenyl- 
methane, 

C«H.CH:NOOH, 
a  rather  strong  acid,  which  is  precipitated  when  the  solutions  of 
its  salts  are  rapidly  and  strongly  acidified,  but  which  changes 
gradually  and  spontaneously  to  a  stable,  neutral  isomer,  nitro- 
phenylmethane, 

C«H.CH,.NO,. 
In  other  cases  of  this  kind,  the  isomerization  is  instantaneous. 

Such  a  substance,  to  be  serviceable  as  an  indicator,  must  suffer 
isomerization  from  the  acid  (or  basic)  condition  to  the  pseudo 
(neutral)  condition  or  vice  versa,  practicalh  instantaneously  and 
the  isomerization  must  also  affect  a  chromophoric  group.  In  the 
case  of  phenolphthalein,  which  may  again  serve  in  illustration, 
we  must  have  a  true  acid  form, 

H*OOCCeH,(HOCeH4)C :  CoH, :  O, 
from  which  the  colored  metallic  salts  are  derived,  but  which  in 

1  Vorl&nder  (i?^r.  d.  ehem.  Ges ,  36*  268  (1903)).  having  proved  malonic  ether  to  be  a  true 
weak  acid  in  aqueous  •olution.  tuppoaed  that  this  fact  proves  also  that  the  salts  of  malonic 
ether  have  the  constitution  MeCH(COOR)t  and  not  ROOC.CH  :C(OMe)OR.  as  advocftted 
by  Nef .  As  a  matter  of  fact,  the  evidence  merely  shows  that  malonic  ether  is  somewhat 
ionised  in  aqueous  solution  and  a  very  weak  acid.  The  assumption  that  an  oxygen  acid, 
ROOCCfi:  C(OH)OR,  must  be  a  strong  acid  is  entirely  unwarranted  ;  but,  moreover,  the 
important  fact  is  left  entirely  out  of  consideration  that  in  an  aqueous  solution,  two  forms 
of  malonic  ether  would  be  in  equilibrium  with  each  other,  vi>., 

ROOC.CHsCOOR  "^  ROOC.CH  :  C(OH)OR. 

If  there  were  very  little  of  the  latter  acid  found  present,  malonic  acid  would  appear  to  be 
a  very  weak  acid,  even  if  the  acid  form  ionised  quite  easily  (see  below).  The  results  of 
Vorlllnderare,  therefore,  evidence  neither  for  nor  against  Nefs  views  as  to  the  constitution 
of  the  salts,  and  taken  in  connection  with  Hantssch's  work  on  pseudo^ictds  rather  con- 
firm NePs  conclusions. 

*  Hantsch  :  Ber.  d:  cktm.  Gts.,  39.  699,  2351  (1896}. 
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the  free  acid  condition  must  go,  practically,  instantly  over  into  the 
colorless  lactoid  form, 

OOCCeH,C(CeH,OH)„» 


the  hydrogen  atom,  H*,  suffering  a  change  of  position.  The 
lactone  is  the  more  stable  of  the  two  isomers,  belonging,  as  it 
does,  to  the  most  stable  class  of  lactones,  the  ^'-lactones.  How- 
ever, in  an  aqueous  solution  of  phenolphthalein  we  must  have, 
as  in  the  case  of  all  such  tautomeric  substances,  a  condition  of 
equilibrium  between  the  lactoid  and  quinoid  forms : 

OCOC.H,C(C,H,OH),  Z HOOCC.H,C(C,H,OH)  :  C.H, :  O      ( i) 
I 1 

The  condition  of  equilibrium  favors  the  lactoid  form,  since  the 
solution  is  colorless,  and  only  minimal  quantities  of  the  quinoid 
acid  can  be  present.  This  trace  of  quinoid  acid  is  ionized  and  in 
equilibrium  with  its  ions : 

HCMDCC.H,C(C.H,OH)  :  CeH, :  O::  H-  + 

OOCC,H,C(CeH,OH):C,H,:0  (2) 
The  addition  of  an  alkali  causes  the  hydrogen  ions  (equation  2) 
to  disappear;  more  of  the  quinoid  molecules  (equations  i  and  2) 
must  be  ionized  to  preserve  equilibrium  and  the  quinoid  mole- 
cules, in  turn,  be  reproduced  from  the  lactoid  (equation  i)  as 
fast  as  the  former  are  converted  into  the  salt.  The  effect  of  the 
alkali,  therefore,  is  to  suppress  the  colorless  lactoid  isomer  by 
converting  the  unstable,  free  quinoid  acid  into  its  stable  quinoid 
salt,  which  is  colored  red  and  is  incidentally  ionized.  That  it  is 
only  a  question  of  stability  of  the  salt  and  not  of  ionization  is 
proved  by  the  fact  that  the  dry  salts  are  as  intensely  colored  as  the 
solution.  The  case  is  obviously  entirely  analogous  to  that  of 
carbonic  acid,  whose  neutral  alkali  salts,  the  carbonates,  whether 
ionized  in  solution,  or  non-ionized  in  a  dry  state,  are  so  very  much 
more  stable  than  the  free  acid.  In  fact,  in  both  cases,  the  dry, 
non-ionized  condition  is  rather  more  favorable  to  stability  and, 
therefore,  in  the  case  of  phenolphthalein,  to  the  maximum  for- 
mation of  color,  since  in  consequence  of  the  ionization  in  aqueous 
solution  we  have  hydrolysis  and  a  reversal  of  equations  ( i )  and 

i  It  in  pOMlble  that  the  unttable  iaonier,  the  true  carboxjlic  acid,  will  aome  day  be 
isolated ;  but  this  ia  not  at  all  essential  for  the  theory,  as  analogous  unstable  isomers, 
such  as  isonitrophenylmethane.  have  been  isolated  and  their  spontaneous  change  studied. 
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(2)  for  phenolphthalein  and  an  analogous  change  of  the  car- 
bonates. 

The  equilibrium  equations  (i)  and  (2),  as  just  developed, 
enable  us  to  put  the  two  theories  of  the  cause  of  the  change  of 
color  of  indicators  briefly,  thus:  Ostwald's  theory  takes  an 
equation  analogous  to  (2),  viz., 

OCOCeH,C(C,H,OH),;:H-  +  OCOC.H,C(C.H,OH)(C,H,0)  (2'), 

I 1  L 1 

(Colorless)  (Red) 

alone  into  account,  ascribing  the  change  of  color  to  the  shifting 
of  equilibrium  according  to  (2')  ;  the  "dhromophoric  theory"  takes 
both  equations,  (i)  and  (2),  into  account  and  ascribes  the  change 
of  color  to  the  shifting  of  equilibrium  according  to  (i). 

THE  SENSITIVENESS  OF  INDICATORS. 

This  condensed  contrast  of  the  two  theories  enables  us  to  pro- 
ceed to  the  second  question  raised  in  the  opening  paragraph  of 
this  paper,  to  the  question  as  to  the  different  degrees  of  sensi- 
tiveness of  the  various  indicators  to  weak  acids  and  bases. 

In  this,  the  more  important  of  the  two  questions  raised,  Ost- 
wald  has  brilliantly  laid  the  foundations  for  a  correct  theoretical 
interpretation  and  practical  application  of  the  varying  phenomena, 
and  we  need  only  consider  in  what  relation  the  new  interpreta- 
tion of  the  cause  of  the  change  of  color  stands  to  his  views  on 
the  sensitiveness  of  indicators. 

The  Ionization  Theory. — According  to  Ostwald,  the  indicators, 
as  acids  and  bases,  take  part  in  the  changes  of  chemical  equilib- 
rium in  the  solution  by  forming  salts  and  are  subject  to  the  gen- 
eral laws  governing  equilibrium  and  notably  to  that  of  mass 
action.  The  sensitiveness  of  an  indicator,  consequently,  must 
depend  chiefly  on  the  numerical  size  of  its  ionization  constant 
as  an  acid  or  base.    For  instance,  according  to  (2') 

ChXC|.  =  KXClh,  (3) 

if  Ch,  Cl,  and  Clh  represent,  respectively,  the  concentrations 
of  the  hydrogen  ions,  the  complex  organic  negative  ions  and  the 
non-ionized  molecules  of  an  acid  indicator,  and  K  its  ionization 
constant  according  to  Ostwald's  dilution  law  for  organic  acids. 
If,  as  in  the  case  of  phenolphthalein,  the  colored  substance  is  the 
complex  negative  ion,  the  formation  and  intensity  of  color  would 
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be  measured  by  C^ .  As  explained  above,  by  the  suppression  of 
the  hydrc^en  ions  (C^)  and  the  formation  of  metal  salts,  which 
are  largely  ionized,  Cl  would  become  very  large.  Now,  if  the 
ionization  ccHistant  K  is  exceedingly  small  and  the  indicator, 
therefore,  a  very  weak  acid,  it  cannot  be  sensitive  to  very  weak 
bases,  because  the  nearer  the  dissociation  constants  of  base  and 
acid  approach  that  of  water  itself,  the  less  readily  are  salts 
formed;  water  prevents  their  formation  by  hydrolysis  according 
to  the  well-known  equation : 

Me  +  L  +  H,0  -*  LH  +  MeOH.  (4) 

In  the  same  way,  the  smaller  the  dissociation  constant  K  or  the 
weaker  the  indicator  is  as  an  acid,  the  more  sensitive  and,  there- 
fore, the  more  serviceable  will  it  be  in  the  titration  of  ordinarily 
weak  acids,  such  as  oxalic,  acetic  and  carbonic;  the  small  excess 
of  hydrogen  ions  formed  by  these  acids  would  be  sufficient  to 
drive  the  indicator  out  pf  its  colored  salts  into  the  colorless 
molecules,  since  Cl  grows  smaller,  according  to  (3),  as  C„ 
g^ows  larger,  and  it  does  so  the  more  rapidly  the  smaller  K  is. 

By  the  same  process  of  reasoning,  it  would  follow,  vice  versa, 
that  an  indicator  which  is  a  moderately  strong  acid  with  a  large 
dissociation  constant,  as  methyl  orange  was  supposed  to  be,  or 
one  which  is  a  very  weak  base,  with  a  very  small  dissociation 
constant  as  a  base,  as  methyl  orange  really  is,*  would  be  an  ex- 
cellent indicator  for  strong  or  weak  bases,  but  a  very  poor  one  for 
weak  acids. 

These  conclusions,  as  developed  from  Ostwald's  statements, 
agree  in  the  main  with  the  facts  as  far  as  they  are  known.  Ob- 
servations have  been  chiefly  of  a  qualitative  nature,  and  quanti- 
tative measurements  of  the  dissociation  constants  of  our  most 
important  indicators  are  extremely  desirable,-  but  there  is  no 
reason  to  expect  that  they  will  modify  in  any  way  Ostwald's  views 
which  have  just  been  described. 

The  "Chromophoric  Theory" — ^The  above  views  are  based, 
however,  on  Ostwald's  theory  as  to  the  change  of  color,  briefly, 
for  phenolphthaleii;!,  on  equation  (2').  But  it  is  almost  certain 
that  this  part  of  the  theory  is  wrong  and  that  the  two  equations, 
(i)  and  (2),  express  the  changes  in  an  indicator,  and  (i)  in  par- 

>  As  explained  below,  the  value  of  methyl  orange  as  an  indicator  is  due  rather  to  its 
weak  basic  functions  than  to  its  acid  character. 
'  yidgBrtdig.Loc.ciL 
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ticular  expresses  the  cause  of  the  change  of  color.  A  brief  con- 
sideration will  show  that  this  new  view  does  not  modify,  in  any 
fundamental  respect,  the  result  of  the  application  of  the  laws  of 
chemical  equilibrium  to  the  indicators,  but  simply  introduces  one 
or  more  new  constant  factors  into  the  final  equilibrium  equation, 
factors  which  are  rather  helpful  than  otherwise  in  the  interpre- 
tation of  the  facts. 

Using  phenolphthalein  ag^in  as  an  illustration,  we  have  two 
conditions  of  equilibrium  occurring  simultaneously  in  solution. 
First,  according  to  equation  (i),  (p.  1119), 

CoH  =  *  X  Clh  ,  (5) 

if  Clh  and  Cqh   reprefsent  tfie  concentrations  of  the  lactoid  and' 
quinoid  forms  of  phenolphthalein  and  Jb  is  a  constant.    Again  for 
equation  (2),  (p.  1119),  we  have 

Co  X  C„  =  K'  X  Cqh  ,  (6) 

if  we  express  the  concentrations  of  the  negative  quinoid  ions  and 
of  the  hydrogen  ions  by  Cq  and  Ch,  that  of  the  undissociated 
quinoid  molecules  again  by  Cqh>  and  the  ionization  constant  of 
Ostwald's  dilution  law  by  K'. 

Combining  (5)  and  (6)  we  have: 

CQXC„  =  ifeX  K'XClh  (7) 

or 

CqXC„  =  K"XClh.  (7T 

This  is  the  same  form  of  equation  as  developed  above  for  the 
sensitiveness  of  the  indicators  (equation  3),  with  this  simple 
difference  that  in  equation  (3)  the  constant  K  is  only  the  ioniza- 
tion constant,  in  equation  (7'),  K"  is  the  product  of  the  true  ioni- 
zation constant  K'  of  the  quinoid  acid  and  the  stability  constant  k 
of  the  two  tautCMneric  forms  of  phenolphthalein.  Equation  (f) 
tells  us,  therefore,  that  such  an  acid  as  phenolphthalein  is  in  its 
effect  only  as  strong  an  acid  as  the  joint  action  of  ionization  and 
possibility  of  molecular  existence  in  solution  make  it.    Its  tend- 

1  In  this  ezpreflsion.  for  an  aqueous  solution  of  phenolphthalein,  Cg  and  C||  are  not 
equal  to  each  other,  as  hydrogen  ions  are  formed  not  only  by  the  carbozyl  group  of  the 
quinoid  acid  but  also  by  its  phenolhydrozyl  group  as  tpcU  as  by  the  two  phenolhjrdroxyl 
groups  of  the  lactoid  add.  The  effect  of  this  increase  of  hydrogen  ions  is  to  make  phenol* 
phthaleln.  as  indicator,  react  as  a  still  weaker  add  than  it  otherwise  would,  that  is.  it  is 
less  sensitive  to  alkalies,  more  sensitive  to  acids.  Thus  phenolphthalein  is  affected  favor- 
ably in  the  very  direction  in  which  it  is  of  particular  value  as  an  indicator.  ▲  most  in- 
structive quantitative  study  of  similar  relations  has  been  carried  out  for  carbonic  add  by 
H.  N.  McCoy.  Am.  Ckem.J.,  ap,  437  (1903). 
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ency  to  produce  die  red  color  is  measured  by  the  same  constant 
K".  Entirely  analogous  relations  and  equilibrium  equations,  it 
may  be  added,  exist  for  ammonium  hydroxide,  which  also  is  un- 
stable in  solution.^ 

It  is  obvious  from  a  comparison  of  equations  (/)  and  (3). 
that  all  of  the  conclusions  as  to  sensitiveness  which  were  based 
on  equation  (3)  apply  equally  well  to  the  new  equation  (/). 
The  substitution  of  (7)  for  (3)  shows  us  further,  however,  the 
great  importance  of  the  stability  constant  k,  for  the  smaller  k  is 
the  more  difficult  will  it  be  to  obtain  the  quinoid  acid  and  its  salts, 
to  which  the  red  color  of  the  alkaline  phenolphthalein  solution  is 
due,  and  consequently  the  less  sensitive  will  the  indicator  be  to 
alkalies.  It  is  very  probable,  indeed,  that  phenolphthalein  in  its 
quinoid  form  with  a  carboxyl  group  is  not  such  a  very  weak  acid 
in  itself,  but  the  minute  quantities  in  which  it  is  able  to  exist  in 
the  free  state  make  it  appear  and  react  as  such. 

But  a  still  more  important  conclusion  concerning  indicators  can 
be  drawn  from  the  substitution  of  equation  (f)  for  (3)  and 
the  introduction  of  the  stability  constant  k  into  the  final  equilib- 
rium equation.  Whereas  changes  involving  only  new  conditions  of 
e(|uilibrium  of  ions  always  take  place  practically  instantaneously 
(equation  6),  reactions  involving  the  transformation  of  one 
isomer  into  another  (equation  5)  show  the  widest  range  of 
difference  as  regards  the  velocities  of  the  changes.  The  constant 
k  of  this  equation  (5),  as  is  well  known,  is  merely  the  ratio  of  the 
velocities  of  the  two  opposite  reactions;  the  same  ratio  may  be 
the  result  of  two  exceedingly  great  or  two  very  small  velocities. 
Now  the  velocities  of  change  for  serviceable  indicators,  no  matter 
what  their  ratio  is,  must  be  exceedingly*  great  in  either  direction, 
and  practically  of  the  order  of  the  velocity  of  ionic  changes.  It 
is  ytry  probable  that  in  the  case  of  the  indicators  actually  used 
the  velocities  are  not  only  very  great  in  bo*:h  directions,  but  are 
increased  by  the  catalytic  action  of  hydroxyl  and  hydrogen  ions* 
in  such  a  way  that  complete  equilibrium,  according  to  (5)  and 
(6),  is  reached  instantaneously.  This  consideration  shows  us 
wherein  an  indicator  differs  from  other  intensely  colored  sub- 

1  Kotalraitfch  :  Wied.  Ann  .  a6, 197  (1885):  Ostwald  :  /.  prakt.  Oum.  (3).  33,  3S8  (1886), 
aad  Ztsckr,  phys.  Chem.,  a.  36  (1888) :  Hantzacb  :  Ibid.,  3*.  258  (1899). 

'  Camcron'ii  obtcrvation  {Am.  Chem.J.,  33.  477(i9<»))  that  the  red  color  of  phenol- 
pbtbaleTn  U  rather  alowly  discharged  hy  carbonic  acid  may  be  the  result  of  such  an  ac- 
tion.   His  own  interpretation  is  surely  wrong. 
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Stances,  such  as  rosaiiiline,  which  shows  as  striking  color  changes 
as  phenolphthalein ;  it  is  intensely  red  in  solution,  colorless  (as 
carbinol)  in  alkaline  solution,  but  the  transformations  are  much 
too  slow,^  at  ordinar}'  temperatures,  to  make  rosonaline  available 
as  an  indicator  in  acidimetry.- 

For  methyl  orange,  which  exhibits  a  sensitiveness  in  extreme 
contrast  to  that  of  phenolphthalein  and  which,  incidentally,  is  a 
bicolored  indicator,  relations  exist  which  are  entirely  analogous 
to  those  developed  above  for  phenolphthalein.  It  is  always  used 
in  neutral  solution  In  the  form  of  a  sodium  salt  and  it  is  in  this 
sensitive  neutral  solution  that  we  must  have  a  condition  of  equilib- 
rium between  the  two  tautomeric  forms  of  methyl  orange,  which 
were  previously  discussed  (p.  11 17).  It  can  best  be  expressed  as 
follows :' 

SO.CeH.N  :  NC.H,N(CH,),HOH  r  (8) 

SO.CeH.NH.N :  CoH, :  N(CH3)20H, 
or 

AzOH;;:QOH. 

The  azo  derivative  on  the  left  hand  of  the  equation  is  yellow, 
as  the  solid  sodium  salt,  which  can  only  be 

NaSO,CeH,N :  XCeH.NCCH,),, 
is  yellow ;  the  quinoid  form  on  the  right  hand  is  red,  for  instance, 
in  the  form  of  the  solid  free  sulphonate, 

SO^.CeH.XH.X :  CeH.NCCH,),, 

J i 

as  explained  above. 

1  It  is  also  too  strong  a  base  to  be  rer>'  sensitive. 

*  Note.— In  his  work  on  the  pseudo-acids  and  -bases,  Hantzsch  uses  the  method  of  com- 
paring  the  affinity  constant,  for  instance,  of  an  acid  as  determined  from  the  measurement 
of  the  hydrolysis  of  its  salt,  with  the  affinity  constant  as  ascertained  by  conductivity 
measurements  in  the  aqueous  solution  of  the  pseudo-acid  and  decides,  on  the  basis  of  the 
great  differences  in  the  \<«lues  obtained,  that  the  free  acid  must  be  a  different  substance 
(isomeric  or  tautomeric)  from  the  acid  in  the  salt.  This  conclusion  is  perfectly  justified 
and  the  method  an  admirable  one.  But  it  is  never  clearly  emphasized  by  Hantzsch— per- 
haps inadvertently— that  such  differences  can  result  only  if  measurements  are  made  be- 
fore a  final  condition  of  equilibrium  can  possibly  have  been  reached  in  all  the  solutions 
used.  Equation' (t'),  as  used  in  the  text,  rests,  therefore,  less  on  quantitative  work  done 
with  tautomeric  substances  than  on  the  experimental  work  of  Kohlrausch  {Loc.  cii.)  and 
Ostwald  {Loc.  cit.)  on  the  ionization  of  ammonium  hydroxide  and  on  that  of  Bodl&nder 
{Ztschr.  phys.  Chem.,  35,  32)  and  McCoy  {Loc.  at.)  on  carbonic  acid  as  well  as  on  the  laws 
of  chemical  equilibrium. 

*  The  sulphonate  group,  SOj^a,  is  ionized  and  has  absolutely  nothing  to  do  with  the 
color  changes,  as  was  at  first  supposed  ;  dimethylaminoezobensene  may  be  used  in  place 
of  its  sulphuric  acid  derivative,  methyl  orange,     l^idi  Bredig :  Loc.  cit. 
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If  we  represent  the  concentrations  in  the  usual  way,  we  obtain 
from  (8)  the  equilibrium  equation 

*  X  Cacoh  =  Cqoh«  (9) 

As  the  solution  is  yellow,  the  second  quinoid  form  can  only  be 

present  in  very  small  quantities  and  the  stability  constant  k  must 

be  exceedingly  small. 

The  red  quinoid  form  is  also  ionized  as  an  ammonium  base, 

according  to 

Qoh:::q  +  oh.  ((o) 

We  have,  then, 

Cq  X  CoH  =  K   X  CqoHi  (  ^  I  ) 

and  combining  (9)  and  (11), 

Cq  X  CoH  =  ife  X  K  X  Ca.oh,  (12) 

Cq  X  CoH  =  K'  X  Cacoh*  (12') 

This  is  the  same  form  of  equation  as  was  developed  above  for 
phenolphthalein  (equation  7  and  /),  only  we  are  dealing  in  this 
case  with  a  base  rather  than  with  an  acid.  The  ion  Q  and  its 
salts  are  red  and  the  red  color  of  the  acid  methyl  orange  solution 
depends  on  the  presence  of  Q  and  its  development  is  subject  to 
the  equilibrium  equation  (12)  or  (12'). 

The  whole  behavior  of  the  red,  quinoid  form  of  methyl  orange 

(its  sodium  salt)  is  that  of  a  very  zceak  base,  analogous  to  that 

of  dimethylaminoazobenzene-  or  to  the  sodium  salt  of  amino- 

acetic  acid.'    It  does  not  form  salts  readily  with  weak  acids,  such 

•  as  carbonic  and  acetic  acids ;  the  red  carbonate, 

(NaS03.CoH,NH.N:  CcH,:  N(CH,)3)2C03, 
is  practically  completely  hydrolyzed  and  incapable  of  existence, 
the  liberated  base  reverting,  according  to  (8)  and  (9),  to  the 
stable  yellow  isomer.  That  is  why  methyl  orange  is  not  a  sensi- 
tive indicator  for  weak  acids.  As  a  very  weak  base,  it  will  be 
driven  readily  out  of  its  red  salts  by  other  bases,  even  weak  ones, 
and  the  free,  red  base  will  revert  again,  according  to  (8)  and  (9), 
to  the  yellow  form,  the  result  being  that  methyl  orange  is  an  ex- 

1  As  the  amino  gronp  of  the  azo  form  is  basic  and  forms  some  hydroxyl  ions,  Cqh  is 
somewhat  larger  than  Cq  in  an  aqueous  solution.  This  fact,  in  the  same  way  as  explained 
above  for  phenolphthalein,  favors  the  sensitiveness  of  methyl  orani^e  to  weak  bases,  its 
most  important  characteristic. 

*  Bredig:  Loc.  at.    Vi(U,  however,  Ostwald :  Loc.  a't,^  and  Kiister  :  Loc.  cit. 

*  Lengfeld  and  Stieglits :  Am.  Chem.J.,  ig,  516  (1893). 
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cellent  sensitive  indicator  for  weak  bases.  Accordingly,  K',  of 
equation  (12'),  must  have  a  very  small  value,  of  the  order  of  K'' 
for  phenolphthalein  in  equation  (7').  As  the  iwiization  constant 
K  (equation  11)  of  the  quaternary  ammonium  hydroxide  must 
be  a  rather  large  (Mie,  the  very  small  value  of  K'  is  evidently  due 
to  the  exceedingly  small  size  of  the  stability  constant  k,  which  is 
shown,  qualitatively  at  least,  by  the  color  of  the  neutral  methyl 
orange  solution. 

Our  two  most  valuable  indicators,  phenolphthalein  and  methyl 
orange,  which  form  an  extreme  contrast,  do  so  as  a  very  weak 
acid  and  a  very  weak  base,  respectively,  in  their  quinoid  (red) 
forms,  as  shown  in  equations  (/)  and  (12') ;  and  their  weakness 
is  due  in  largest  measure  to  the  instability  of  the  quinoid  isomers 
in  the  form  of  free  acid  or  free  base,  respectively. 

These  considerations  give  us  a  Complete  survey  of  the  chemistry 
of  the  different  sensitiveness  of  our  two  most  important  indi- 
cators on  the  basis  of  the  conclusions  reached  in  the  first  part  of 
this  paper  that  the  color  change  must  be  primarily  due  to  a 
change  of  constitution  involving  a  chromophoric  complex.  An 
experimental  determination  of  the  constants  and  verification  of 
these  views  would  be  very  important.*  They  rest,  so  far,  on  the 
work  of  Bemthsen,  Nietzki,  and  Burckhardt  on  the  phenol- 
phthaleins;  on  Hantzsch's  investigation  of  the  pseudo-acids  and 
-bases,  and  on  the  quantitative  study  of  the  equilibrium  conditions 
of  ammonium  hydroxide  and  of  carbonic  acid  in  solution,  as 
quoted  above.  An  experimental  study  of  the  peculiarities  of  in- 
dicators, such  as  the  disappearance  of  the  color  of  phenolphthal- 
ein in  the  presence  of  a  large  excess  of  alkali,  would  also  be 
profitable  and  the  quinone  complex,  with  its  well-known  reactivity, 
would  probably  be  found  to  be  the  seat  also  of  this  change.* 

In  conclusion,  in  connection  with  the  discussion  of  the  sensi- 
tiveness of  our  indicators,  too  much  emphasis  cannot  be  laid  on 
the  fact  that  the  lack  of  sensitiveness  of  phenolphthalein  in  labora- 
tory practice  in  the  titration  of  a  weak  base  like  ammonia  or  of 
methyl  orange  in  the  titration  of  a  weak  acid  like  acetic  acid  is 

i  Brcdig:  (toe.  n't.)  ban  Announced  an  experimentat  study  of  methyl  orange  from  Oat- 
wald'a  point  of  view,  and  Dr.  H.  N.  McCoy,  of  this  laboratory,  in  connection  with  hia 
work  on  the  aflUnity  constants  of  carbonic  acid,  has  taken  up  the  determination  of  the 
affinity  constant  of  phenolphthalein.  The  author  feels  obliged  to  refrain  from  pursuing 
hia  subject  experimentally  until  these  researches  are  com  Dieted. 

*  The  colorless  solution  probably  conUins  the  salt  K09C.C•H4C(OH)(CcH40K)^  The 
corresponding  triacetate  of  aurine,  C(OH)(C«H40CtHsO)t.  is  known  and  is  colorless. 
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ultimately  due  diiefly  to  the  fact  that  a  weak  base  or  a  weak  acid 
is  ver>'  much  weaker  (less  ionized)  in  the  presence  of  its  own 
salts  than  in  pure  aqueous  solutions.^  Phenolphthaleln  will  read- 
ily show  the  presence  of  o.oi  cc.  N/io  free  ammonia  in  lOO  cc.  of 
pure  boiled  water,  to  which  only  i  milligram  of  phenolphthaleln 
has  been  added.  But  in  titrating  ammonia  with  N/io  hydro- 
chloric acid,  very  long  before  all  but  that  small  amount  has  been 
neutralized,  the  red  color  of  phenolphthalein  disappears,  owing 
to  the  formation  of  ammonium  chloride.  The  isothermic  equa- 
tion for  ammonium  hydroxide  is 

CnH4  X  CoH  =  ^  X   C>rH|* 

in  which  Cnh4<  Cohi  C^hs  represent  the  concentrations  of  the  am- 
monium ions,  the  hydroxyl  ions  and  the  non-ionized  ammonia, 
and  ib  (=  1 :  53,730)'  is  the  ionization  constant.  It  shows  ho^ 
readily  the  hydroxyl  ions  must  disappear  when  an  easily  ionized 
salt  like  ammonium  chloride  is  added  to  a  solution  of  ammonia. 
A  striking  insight  into  the  matter  is  obtained  from  the  result  of 
the  following  calculation,  made  with  the  aid  of  the  isothermic 
equation  and  its  known  constant  and  of  the  known  degrees  of 
dissociation  of  solutions  of  ammonium  chloride :  If  10  cc.  normal 
ammonium  hydroxide  are  half  neutralized  by  5  cc.  normal  hydro- 
chloric acid,  the  resulting  solution,  instead  of  being  one-half  as 
effective  as  a  base,  as  it  would  have  been  if  sodium  hydroxide 
had  been  used,  contains  very  nearly  only  one-hundredth  as  many 
hydroxyl  ions  as  the  original  solution  and  is,  therefore,  only  one- 
hundredth  as  effective  as  a  base.  The  same  result  would  be  at- 
tained if  to  10  cc.  normal  ammonium  hydroxide  0.32  gram  solid 
ammonium  chloride  (=6  cc.  normal  ammonium  chloride)  is 
added  in  place  of  all  the  acid.  In  other  words,  in  these  concen- 
trations ammonia  is  weakened  fifty  times  more  by  the  neutral  salt 
ammonium  chloride  than  by  the  hydrogen  ions  (in  their  neu- 
tralizing effect)  of  a  nearly  equivalent*  amount  of  hydrochloric 
acid.  Analogous  relations  hold  for  the  neutralizing  of  acetic 
acid  by  sodium  hydroxide,  the  affinity  constant  of  acetic  acid 
( 1 :  55,000)  being  nearly  the  same  as  that  of  ammonia. 

>  Arrbenint :  ZUekr.  pkys.  Ch^m.,  s,  387  (1888);  KQvter:  Ztsehr.  Elektrockem.,  4,  no 
(1897) :  Sticflite :  A  m.  OUm.  /..  aj,  406  (1900) . 

>  Kohlrauach  :  Loc.  ct'L;  Ostwald  :  Loc.  cit. 
•  Bqulirvlent  to  th(  amnonium  chloride. 
Chicago,  April,  2903. 
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An  investigation  along  these  lines  seemed  to  promise  well 
because  of  the  success  which  Jefferson*  met  while  prosecuting  a- 
similar  study  with  a  limited  number  of  aromatic  bases.  It  was 
hoped  that  scMne  organic  base  would  be  found,  among  the  large 
number  to  be  tried,  which  would  lead  to  the  separation  of  thorium 
and  zirconium,  or,  failing  in  this,  that  a  method  would  be  dis- 
closed by  which  these  two  elements  could  be  separated  from 
cerium,  lanthanum,  neodymium  and  praseodymium. 

Large  quantities  of  thorium  and  zirconium  nitrates  were  pre- 
pared from  the  mineral'  thorite  and  zircon.  Numerous  qual- 
itative tests  were  made  and  the  solvents  for  the  bases  were,  in 
most  cases,  water  and  alcohol,  or  mixtures  of  these  two,  depending 
upon  the  solubility  of  the  base.  In  some  instances  ether  was 
added  to  advantage.  Alcohol,  above  a  certain  strength,  precipi- 
tated the  thorium  and  zirconium  nitrate  solutions,  so  that  this 
point  had  to  be  constantly  considered  during  the  testing.  The 
salt  solution  was  usually  added  in  small  quantities  at  a  time  to  the 
solution  containing  a  liberal  amount  of  the  organic  base.  Heat 
was  applied,  if  precipitation  did  not  occur  in  the  cold.  The  solu- 
tions were  not  permitted  to  stand  for  long  periods,  as  it  ^yas 
thought  that  differences  which  did  not  manifest  themselves  readily, 
under  ordinary  conditions,  would  scarcely  indicate  the  probability 
of  practical  quantitative  separations. 

The  bases  studied  in  this  investigation  were  obtained  from 
Kahlbaum.  Those  employed  by  Jefferson*  were  usually  omitted 
here. 

REAGENTS  WHICH  PRODUCED  NO  PRECIPITATE  WITH  SALTS  OF  ANY 

ONE  OF  THE  SIX  ELEMENTS. 
Benzylaniline.  ^-Nitraniiine. 

Dimethylnitrosamine.  ^-Nitroptaetiylhydrazine. 

1  From  author's  thesis  for  the  Ph.D.  deg^ree. 

*  This  Journal,  34,  540. 

»  Loc.  cit. 


BEHAVIOR  OP  CERIUM,  ETC.,  TOWARD  ORGANIC  BASES.    1 1 39 

Dipropylnitrosamine.  Piperine. 

nv-Nitraniline.  Succinimide. 

o-Nitraniline.  Tetranitromethylaniline. 
£>-Chloraniluie. 

REAGENTS   WHICH   CAUSED  PRECIPITATES   WITH   SALTS  OP  ALL  SIX 

OP  THE  ELEMENTS. 
Allylamine.  Isodibutylaxnine. 

Benzylmethylamine.  Monoamylamine. 

Bomylamine.  Monethyl  amine. 

Camphylamine.  Monomethylamine. 

Diamylamioe.  Monopropylamine. 

Dibenzylamine.  Neurine. 

Diethylamine.  Normal  butylamine. 

Dimethylamine.  Normaldibutylamine. 

Dipropylaxnine.  Propylenediamine. 

Ethylenediamine.  Tetrethylammonium  hydroxide. 

Heptylamine.  Tetramethylammonium  hydroxide. 

Hexylamine.  Triethylamine. 

Isobutylamine.  Trimethylamine. 

laotribntylamine.  •   Tripropylamine. 

REAGENTS  WHICH   PRECIPITATED  ONLY  THORIUM  AND  ZIRCONIUM. 
Benzidine.  Isoquinoline. 

fw-Bromaniline.  a-Picoline. 

^Bromaniline.  /-Toluidine. 

^Bromphenylhydrazine.  m-Toluylenediamine. 

/^Chloraniline.  Tribenzylamine. 

REAGENTS  NOT  INCLUDED  IN  THE  PRECEDING  GROUPS  AND  WHOSE 
REACTIONS  ARE  MENTIONED  UPON  SUCCEEDING  PAGES. 

«»-Chloraniline.  /3-Naphthylamine.* 

Diethylaniline.  Tetrahydi^uinoline. 

Hexamethylenetetramine.  m-Tohiidine. 

Monethylaniline.  o-Xylidine. 

Monomethylaniline.  /-Xylidine. 
a-Naphthylamine. 

The  bases  of  the  first  and  second  groups  were  manifestly  un- 
suited  for  the  purpose  in  mind.  Those  of  the  third  and  fourth 
groups  showing  differences  in  deportment  with  the  several  ele- 
ments under  consideration  were  given  more  particular  attention, 
while  those  which  were  insoluble  in  dilute  alcc^olic  solutions  were 
placed  to  one  side.  The  following  paragraphs  record  the  ob- 
servations made  with  the  several  bodies  which  seemed  best  adapfrd 
for  quantitative  separations. 

\  Ue.eii. 
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Thorium  and  Zirconium  with  the  Chloranilines. — The  different 
behaviors  of  the  chloranilines  substantiate  the  views  held  regard- 
ing their  relative  basicity.*  o-Chloraniline  did  not  precipitate  tho- 
rium or  zirconium.  tit-Chloraniline  precipitated  zirconium  in  the 
cold,  btit  with  thorium,  heat  was  required  to  produce  precipitation, 
while  ^-chloraniline  precipitated  the  solutions  of  both  elements. 
even  in  the  cold.  Solutions  of  cerium,  lanthanum,  neodymium  and 
praseodymium  salts  were  not  affected  by  these  reagents. 

Zirconium  and  Thorium  with  m-Chloraniline. — Much  work 
was  done  upon  m-chloraniline  to  arrive  at  the  proper  conditions 
in  the  strength  of  alcohol  and  temperature  favorable  to  the  com- 
plete precipitation  of  the  zirconium  solutions,  and  at  the  same 
time  to  leave  the  thorium  salt  unprecipitated.  A  solution  con- 
taining equal  parts  of  water  and  commercial  alcohol  was  found 
most  satisfactory.  At  a  temperature  of  60** -70**,  this  solvent  con- 
taining m-chloraniline  occasioned  no  precipitation  in  solutions 
of  thorium  nitrate,  while  in  zirconium  nitrate  solutions  it  precipi- 
tated 0.0995  gi'SLin,  0.0988  gram,  0.0990  gram  and  0.0988  gram 
of  zirconium  oxide,  instead  of  0.0995  gram  obtained  by  ammonia 
or  0.0993  gram  by  direct  evaporation  and  ignition.  On  repeating 
the  experiment  with  a  mixture  of  the  thorium  and  zirconium 
nitrates,  both  elements  were  completely  precipitated. 

Thorium  and  Zirconium  with  Hexamethylenetetramine  (For^ 
min). — Formin  in  the  qualitative  tests  showed  a  marked  differ- 
ence in  behavior.  Thus  a  thorium  solution,  after  its  addition, 
stood  forty-two  hours  at  room  temperature  without  the  appear- 
ance of  a  precipitate.  Upon  adding  the  zirconium  nitrate  solu- 
tion, both  hydroxides  were  precipitated  completely. 

a-  and  /J-Naphthylamine,  in-bromaniline  and  ^-bromphenyl- 
hydrazine  precipitated  zirconium  solutions  much  more  completely 
than  those  of  thorium,  but  separations  could  not  be  effected  by 
means  of  them.  They  reacted  indifferently  with  the  salts  of 
cerium,  lanthanum,  neodymium  and  praseodymium.  o-Brom- 
aniline  was  not  tried  at  all  in  this  investigation. 

In  a  solution  of  the  nitrates  of  zirconium  and  cerium,  ni-chlor- 
aniline  precipitated  0.0532  gram  of  zirconium  oxide,  instead  of 
0.0539  gram  obtained  with  ammonia  water.  /^-Chloraniline  pre- 
cipitated 0.0536  gram,  fit-bromaniline  0.0524  g^am,  and  ;8-naph- 

1  Van*t  Hoff*t  '*  Lectures  on  Theoretical  an  I  Physical  Chemistry,**  Vol.  II.  p  lo?. 
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thylamine  0.0533  gnun.  In  the  first  three  filtrates  0.0396  gram, 
0.0400  gram  Ind  0.0396  gram,  respectively,  of  cerium  oxide  were 
obtained,  instead  of  the  theoretical  0.0389  g^m.  In  using 
^hloraniline  with  a  solution  containing  twice  the  quantities  of 
zirconium  and  cerium  oxide  given  above,  a  very  satisfactory  quan- 
titative separation  resulted. 

In  precipitating  a  mixture  of  zirconium  and  cerium  salts  with 
/>-toluidine,  0.1341  gram  of  zirconium  oxide  was  found,  while  the 
theoretical  amount  present  was  0.1347  gram.  This  same  reagent 
added  to  a  solution  of  thorium  and  cerium  nitrates  precipitated 
0.T246  gram,  0.1236  gram  and  0.1261  gram,  instead  of  0.1247 
gram. 

While  monomethylaniline  precipitated  cerium  solutions  com- 
pletely and  apparently  had  no  marked  effect  upon  those  of 
lanthanum,  neodymium  and  praseodymium,  the  attempts  at  quan- 
titative separations  were  fruitless.  Diethylaniline  precipitated 
cerium  salts  quitfe  completely.  The  insolubility,  however,  of  this 
reagent  compelled  the  use  of  such  large  amounts  of  alcohol  that 
serious  difficulties  arose.  These  were  not  overcome.  A  quanti- 
tative separation  of  cerium  from  lanthanum  was  made  by  means 
of  tetrahydroquinoline.  Two  precipitations  of  the  cerium  were 
necessary. 

O'  and  ^-Xylidine,  as  well  as  monethylaniline,  precipitated  cerium 
completely  from  its  salt  solutions.  wt-Toluidine  seemed  inade- 
quate for  this  purpose. 

P'Tohiidine, — From  observations  made  in  the  qualitative  way, 
it  appeared  not  improbable  that  />-toluidine  might  be  employed  to 
separate  zirconium  and  thorium  from  lanthanum,  neodymium  and 
praseod3rmium.  Accordingly,  determinations  were  made  in  about 
100  cc.  of  the  weak  alcoholic  solutions,  a  moderate  heat  being  ap- 
plied to  hasten  the  reaction.  The  precipitates  formed  were  quite 
voluminou.s  and  somewhat  gelatinous,  especially  in  the  case  of 
zirconium,  and  well  adapted  for  bringing  down  the  accompanying 
element.  On  this  account  one  reprecipitation  was  carried  out  in 
each  case.  The  first  precipitates  dissolved  readily  in  dilute  nitric 
acid,  especially  if  the  solutions  in  the  case  of  zirconium  were  not 
allowed  to  become  too  Ararm.  The  accompanying  element  was 
precipitated  by  ammonia  from  the  combined  filtrates.  The  igni- 
tion of  the  precipitates  was  conducted  with  free  access  of  air,  in 
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a  porcelain  cntcible  usually,  and  the  blast-lamp  used  till  constant 
weights  were  obtained.  All  of  the  weights,  recorded  in  g^ms, 
are  given  in  the  condensed  form  below.  The  weights  given  as  "re- 
quired" were  obtained  by  direct  precipitation  of  the  elements, 
separately,  and  blasting  to  constant  weight,  and  represent 
the  average  of  two  closely  agreeing  resuhs.  The  "com- 
bined" oxides  represent  the  sum  of  the  individual  oxides. 
The  results  obtained  in  many  cases  do  not  agree  well  with  the 
standard,  but  it  was  thought  best  to  include  all  which,  so  far  as 
known,  were  carried  through  without  accident.  Some  minor 
differences  in  manipulation,  such  as  varying  the  strength  of  alco- 
hol, time  of  digestion,  temperature,  and  volume  of  solution,  were 
made  in  different  cases.  These  variations  may  have  influenced 
the  results  in  some  instances. 

ZIRCONIUM  AND  LANTHANUM. 


Zirconit 

im  oxide. 
Required. 

I«anthanum  oxide. 
Pound.       Required. 

Combined  oxides. 

Found 

Found. 

Required. 

0.1342 

0.1341 

0.0399         0.0409 

O.1741 

0.1750 

O.I3OI 

0.1341 

0.0993         0.1023 

0.2294 

0.2364 

O.1314 

0.1341 

0.1025         0.1023 

02339 

0.2364 

0.1367 

0.1341 

0.0934         0.1023 

0.2321 

0.2364 

ZIRCONIUM  AND  NEODYMIUM 

. 

Zirconium  oxide. 

Neodymium  oxide. 
Found.       Required. 

Combined  oxides. 

Found. 

Required. 

Found. 

Required. 

0.1349 

0.1341 

0.0413         0.0457 

0.1762 

0.1798 

0.1439 

0.1341 

0.0973         0.1142 

0.2412 

0.2487 

0.1372 

0.1341 

0.1102         0.1142 

0.2474 

0.2487 

0.1446 

0.1341 

0.0952         0.1142 

'  0.2398 

0.2487 

ZIRCONIUM  AND  PRASEODYMIUM. 

.Zirconium  oxide. 

Praseodymium  oxide. 

Combim 
Found. 

ed  oxides. 

Found. 

Required. 

Found.  .     Required. 

Required. 

0.1317 

0.1341 

0.0420         0.0458 

0.1737 

0.1799 

0.1344 

0  1341 

0.1099         0.1  r44 

0.2443 

0.2485 

0.1312 

0.1341 

0.1129         0.1144 

0.2441 

0.2485 

0.1304 

0.1341 

0.1014         0.1144 

0.2318 

0.2485 

THORIUM  AND  LANTHANUM. 

Thorium  oxide. 

lanthanum  oxide. 
Found.        Required. 

Combine 
Pound. 

ed  oxides. 

Found. 

Required. 

Required. 

0.1254 

0.1247 

0.0407         0.0409     1 

0.166 I 

0.1656 

0.1222 

0.1247 

not  det.       0.1023 

..... 

0.1246 

0.1247 

0.1035      .0.1023 

0.2281 

0.2270 

0.1243 

0.1247 

0.1034        0.1023 

0.2277 

0.2270 
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THORIUM  AND  NEODYMIUM. 
TboriiUB  oxide.  Neodymium  oxide.  Combined  oxide*. 

FcNxsid.  Reqviied.  Pound.  Required.  Pound.  Requited. 

0.1254         0.1247  0.0464  0.0457  O.1718  0.1704 

0.1232  0.1247  O.I  146  O.I  142  0.2378  0.2389 

0.1243       0.1247  O.IT42  O.I  142  0.2384  0.2389 

0.1242  0.1247  0.1129  O.I  142  0.2371  0.2389 

0.1248  0.1247  0.III8  O.II42  0.2366  02389 

THORIUM   AND  PRASEODYMIUM. 
Thorium  oxide.  Prucodymium  oxide.  Combined  oxide. 


Pound.  Required.  Fbund.  Required.  Pound.  Required. 

0.1253  0.1247  0.0471  0.0458  0.1734  0.1705 

O.1214  0.1247  O.II47  O.II44  0.2361  0.2391 

0.1238  0.1247  O.I  160  O.I  144  0.2398  0.2391 

0.1246  0.1247  notdet.  0.1144  

It  will  be  noticed  that  the  results  with  zirconium  are  not  so 
satisfactory  as  those  with  thorium.  This  cannot  be  attributed  to 
any  difference  in  manipulation  for  they  were  obtained  under 
similar  conditions,  the  usual  practice  being  to  carry  on  the  six 
separations  at  one  time. 

A  tendency  on  the  part  of  zirconium  to  resist  separation  from 
other  elements  is  again  indicated  here.  This  tendency  is  exhibited 
by  its  precipitation  being  retarded  by  the  presence  of  another 
element,  and  by  the  fact  that  when  once  brought  down  it  fre- 
quently is  contaminated  by  that  element.  In  the  attempts  to 
separate  zirconium  from  thorium  by  w-chloraniline,  it  was 
repeatedly  noticed  that  conditions  of  digestion,  sufficient  to 
cause  precipitation  of  zirconium  by  itself,  were  inadequate  when 
thorium  was  present,  and  when  the  precipitate  was  thrown  down 
it  was  badly  contaminated  with  thorium.  Similar  observations 
were  made  When  formin  was  used  to  effect  their  separation; 
in  that  case  all  of  the  thorium  came  down  with  the  zirconium 
under  conditions  which  failed  to  precipitate  thorium  when  alone. 
It  might  be  supposed  that  this  peculiar  behavior  of  zirconium 
would  not  be  noticed  upon  passing  from  thorium  to  the  more 
basic  elements,  but  a  number  of  the  results  obtained  in  con- 
nection with  lanthanum  and  praseodymium  show  incomplete  pre- 
cipitations of  zirconium,  while  neodymium  was  so  inclined  to 
come  down  with  zirconium  that  a  satisfactory  separation  could 
only  be  expected  when  all  possible  precautions  had  been  taken 
to  prevent  it. 
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The  oxides  obtained  by  ammonia  from  the  filtrates  weighed  less 
.in  the  separations  from  zirconium  than  in  those  from  thorium.  If 
one  attempts  to  attribute  this  difference  tothe  greater  solvent  action 
of  the  filtrates  from  the  zirconium,  the  only  respect  that  suggests 
itself  in  which  the  two  sets  of  filtrates  differed  is  that  they  probably 
contained  different  amounts  of  the  precipitant,  ^toluidine.  More 
of  this  reagent  was  necessary  to  effect  a  precipitation  in  the  solu- 
tions containing  thorium  than  in  those  in  which  zirconium  was 
present,  and  it  is  probable  that  in  carrying  out  the  two  precipita- 
tions, as  was  done  in  each  instance,  considerably  more  ^-toluidine 
acctunulated  in  the  filtrates  from  the  thorium.  Sufficient  attention 
was  not  given  to  this  point  while  the  determinations  were  being 
made  to  warrant  an  opinion  as  to  the  extent  of  its  influence  and  it 
is  merely  offered  as  a  possible  explanation.  As  both  the  first  and 
second  precipitations  were  usually  made  from  about  loo  cc.  of 
solution,  the  combined  filtrates  and  washings,  in  which  the  precipita- 
tions by  ammonia  were  made,  were  of  considerable  volume,  and  the 
question  of  the  solvent  effect  of  all  this  solution  upon  the  precipi- 
tate produced  by  ammonia  presented  itself  at  the  time  of  the  deter- 
minations. The  final  filtrates  were  usually  partially  distilled,  the 
bulk  of  the  alcohol  and  ammonia  being  obtained  in  the  distillate, 
from  which  the  alcohol  was  recovered.  More  ammonia  was  re- 
peatedly added  to  the  undistilled  portions  to  see  if  further  precipi- 
tation would  take  place.  In  a  few  instances  the  entire  solution  was 
evaporated  to  dryness  and  the  residue  ignited  and  weighed.  The 
weights  obtained  substantially  made  good  the  discrepancies  be- 
tween the  combined  oxides  "obtained"  and  "required,'*  but  as  no 
blank  determinations  were  made  it  was  npt  proved  that  some  of 
this  may  not  have  come  from  extraneous  sources. 

As  previously  stated,  the  recorded  results  were  obtained  by  the 
use  of  the  blast-lamp  till  practically  constant  weights  resulted. 
The  writer  is  of  the  opinion,  however,  that  errors  may  have  oc- 
curred in  this  connection  due  to  a  constant  composition  not 
always  being  obtained,  especially  with  lanthanum,  neodymium 
and  praseodymium.  The  weights  obtained,  by  blasting  the  first 
two,  were  frequently  lo  per  cenU  lower  than  those  obtained  by 
igniting  over  a  Bunsen  burner;  there  was  less  difference  with 
praseodymium.  Hitchcock^  found  that  neodymium  and  praseo- 
dymium sesquioxides,  by  gentle  ignition  with  free  air  access, 

>  This  Joumal,  17,  525. 
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gradually  took  on  oxygen  till  the  weights  approximated  those 
represented  by  the  formula  MjOj. 

Herzfeld^  speaks  of  neodymium  oxide  as  having  a  blue  color 
and  assigns  to  it  the  composition  Nd^O,,  and  again,*  in  an 
abstract  from  Shapleigh's  investigation,  mentions  a  suboxide  as  a 
gray  powder  and  a  peroxide  as  a  dirty  gray  powder.  The  oxide 
obtained  in  the  present  investigation  was  invariably  of  a  light 
brown  color  resembling  cocoa  powder,  after  ignition  with  the 
Bunsen  burner,  and  was  usually  changed  to  a  light  blue  or  light 
purple  coloT  by  blasting.  It  was  often  necessary  to  pulverize  and 
blast  a  long  time  before  the  bluish  color  was  uniformly  obtained ; 
indeed,  in  some  instances  part  of  the  oxide  still  retained  the  cocoa 
color  even  though  by  excessive  blasting  practically  no  change  in 
weight  resulted.  In  view  of  the  inadequate  and  somewhat  con- 
flicting information  concerning  neodymium  oxides,  the  com- 
position of  the  oxide  obtained  in  any  particular  case  must  receive 
careful  attention.  The  change  of  color  produced  by  blasting  the 
lanthanum  and  praseodymium  oxides  was  not  sufficient  to  indicate 
a  change  in  composition,  but  the  weights,  especially  with  lantha- 
num, were  considerably  reduced  and  the  certainty  of  a  definite 
composition  should  also  be  established  in  this  instance. 

The  most  that  was  attempted,  during  the  present  work,  with  any 
of  the  oxides,  was  to  compare  the  weights  obtained  in  the  course  of 
the  analyses  with  those  obtained  by  direct  precipitation  from  the 
aqueous  solutions  by  ammonia,  and  blasting  until  they  were  con- 
stant within  a  few  tenths  of  a  milligram.  It  would  seem  as  though 
the  oxides  obtained  in  this  manner  would  be  of  constant  composi- 
tion, but  it  is  not  improbable  that  small  variations  may  have 
occurred  and  that  lack  of  nice  conformity  may  occasionally  be 
attributed  in  part  to  this  cause.  The  mechanical  condition  of  the 
oxides  previous  to  blasting  was  not  always  the  same,  and  it  seems 
not  improbable  that  this  fact  may  be  of  *  some  importance  where 
intense  blasting  is  resorted  to  in  order  to  remove  the  last  traces  of 
oxygen  necessary  to  effect  a  complete  transition  from  an  oxide 
which,  for  example,  is  stable  at  the  temperature  reached  by  the 
Bunsen  burner  to  one  of  a  lower  state  of  oxidation  which  may  be 
the  stable  form  at  the  temperature  produced  by  the  more  intense 
heat  of  the  blast-lamp.    Judging  from  the  experience  of  Hitch- 

>  Chemie  der  •cltenen  Brden.  p.  63. 
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cock,  and  from  the  fact  that  blasting  invariably  reduced  the 
weights,  it  seems  probable  that,  in  the  case  of  some  of  the  elements, 
at  least,  an  oxide  of  a  higher  state  of  oxidation  was  more  stable 
over  the  Bunsen  burner  than  over  the  blast-lamp.  Such  behaviors 
have  been  noticed  with  some  of  the  more  common  elements. 

Ukivbrsity  of  Pbnnstlvanza. 


FLUORIDE  OF  GOLD.* 

Bt  Victor  I«bnhe&. 

Recdvcd  September  8.  1903. 

Inasmuch  as  fluorspar  is  frequently  associated  with  gold  in 
nature,  and  quite  notably  so  in  the  deposits  of  the  telluride  ores, 
it  has  seemed  important  to  study  gold  fluoride  in  order  to  de- 
termine, if  possible,  whether  this  substance  can  play  any  part  in 
the  genesis  of  these  deposits. 

The  known  compounds  of  gold  with  the  halogens  chlorine, 
bromine  and  iodine,  are,  as  a  rule,  fairly  well  defined.  In  the 
trivalent  condition,  gold  forms  the  relatively  stable  chloride  while 
the  bromide  and  iodide  show  greater  tendency  to  break  down  into 
the  lower  state  of  valence  of  gold. 

The  halides  in  which  gold  shows  a  monovalence  have  received 
considerable  attention,  and  it  is  known  with  a  reasonable  degree 
of  certainty  under  what  conditions  aurous  chloride,  bromide,  and 
iodide  are  capable  of  existence. 

While  the  chlorides,  bromides  and  iodides  of  gold  have  re- 
ceived more  or  less  study,  comparatively  little  is  known  of  fluo^ 
ride  of  gold.  Prat^  has  prepared  an  intermediate  oxide  of  gold, 
AujOj,  by  the  incomplete  solution  of  gold  in  aqua  regia,  in  which 
the  hydrochloric  acid  is  in  excess,  treating  the  solution  with  suffi- 
cient potassium  bicarbonate  to  dissolve  the  precipitate  formed,  and 
warming  the  clear  orange-yellow  solution  to  95**,  when  a  dark 
olive-green  precipitate  was  obtained  which,  when  dried,  showed 
the  composition  AujOj.  In  studying  the  properties  of  this  oxide. 
Prat  states  that  hydrofluoric  acid  combines  with  it  but  without 
dissolving  it.  In  his  study  of  the  action  of  fluorine  on  the  various 
metals,  Moissan  states  that  at  a  red  heat,  gold  is  attacked  by 

1  Reftd  before  the  Wliconslii  Academy  of  Science,  December  afi,  1902,  and  publisticd  tn 
the  Tranaactlona. 
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fluorine  gas,  a  yellow  hydroscopic  substance  being  formed,  and 
that  this  substance  is  readily  decomposed  into  gold  and  fluorine. 

These  two  experiments  give  practically  what  is  known  of  the 
fluoride  of  gcrid. 

The  activity  of  the  halogens  toward  other  elements  is,  as  a 
rule,  inversely  proportional  to  their  atomic  weights.  The  first 
member  of  this  group  of  active  elements,  fluorine,  is  certainly 
the  most  active  of  all  the  elements,  be  they  halogens  or  not ;  yet, 
as  will  be  demonstrated  later,  it  appears  to  have  little  if  any 
affinity  for  gold. 

In  studying  the  chemistry  of  gold,  it  should  always  be  ^me 
in  mind  that  it  is  the  most  inactive  of  the  metals,  but  the  relative 
stability  of  the  most  of  its  salts,  notably  with  the  halogens, 
would  appear  to  make  probable  the  relative  stability  of  the  com- 
pound of  the  most  active  of  the  elements,  fluorine.  On  the 
other  hand,  we  have  the  marked  difference  of  fluorine  from  the 
other  halogens  in  the  insoluble  fluorides  of  calcium,  strontium 
and  barium,  as  contrasted  with  the  very  soluble  chlorides,  bro- 
mides and  iodides ;  and  the  soluble  fluorides  of  silver  and  thallium 
as  compared  with  the  insoluble  chlorides,  bromides  and  iodides. 

In  order  to  study  the  relations  between  fluorine  and  gold,  ex- 
periments were  conducted  with  the  view  of  bringing  about,  if 
possible,  the  formation  of  gold  fluoride  under  various  possible 
conditions. 

The  first  experiment  made  was  a  study  of  the  action  of  hy- 
drofluoric acid  on  gold  oxide.  To  this  end,  gold  oxide  was 
prepared  by  the  action  of  magnesium  oxide  on  a  solution  of 
gold  chloride  and  the  excess  of  magnesia  removed  with  nitric 
add.  The  gold  oxide  thus  obtained  was  finely  divided, '  and 
hence  in  the  most  suitable  condition  to  be  susceptible  to  any 
chemical  action.  This  gold  oxide  can  remain  in  contact  with  hy- 
drofluoric acid  indefinitely  or,  as  has  been  the  case,  can  be  boiled 
for  weeks  with  either  hydrofluoric  acid  alone  or  with  a  mixture 
of  hydrofluoric  and  nitric  acids,  without  suffering  any  change 
whatever.  These  experiments  have  been  repeated  several  times, 
but  in  no  case  has  gold  been  found  to  enter  into  solution,  nor  has 
it  been  possible  to  detect  fluorine  in  the  precipitate.  It  is  obvious 
that  gold  fluoride  cannot  be  prepared  by  the  action  of  hydro- 
fluoric acid  on  the  oxide.    The  next  most  natural  method  to  try 
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for  the  preparation  of  the  fluoride  would  be  that  of  double  de- 
composition. 

Silver  fluoride  and  gold  chloride,  both  being  soluble  salts,  on 
being  brought  in  contact  in  solution  should  yield  theoretically : 

AuCl,  +  3AgV  =  AuF,  +  3AgCl. 
The  actual  case  is  that  when  solutions  of  these  two  salts  are 
brought  in  contact,  gold  hydroxide  is  quantitatively  thrown  out 
of  solution  along  with  silver  chloride ;  thus, 

AuCl,  +  3AgF  +  3H,0  =  3AgCl  +  Au(OH),  +  3HF. 
The  accuracy  of  this  reaction  has  been  carefully  established  in 
the  laboratory. 

If  gold  fluoride  is  even  momentarily  formed,  it  is  immediately 
decomposed  by  water. 

The  method  yet  remaining  for  the  preparation  of  a  substance 
incapable  of  existence  in  presence  of  water  would  be  the  use  of 
anhydrous  solvents.  A  large  number  of  organic  solvents  have 
been  tried  with  this  end  in  view,  but  no  substance  has  been  found 
which  would  dissolve  both  gold  chloride  and  silver  fluoride; 
either  these  salts  are  insoluble  or  are  decomposed  by  the  sub- 
stances worked  with.  Among  the  solvents  examined,  mention 
may  be  made  of  the  following :  Alcohol,  ether,  carbon  bisulphide, 
benzene,  turpentine,  pentane,  hexane,  chloroform,  carbon  tetra- 
chloride, ethyl  nitrate,  nitrobenzene,  ethyl  acetate,  ethyl  pro- 
pionate, and  pyridine. 

It  thus  appears  that  gold  fluoride  is  incapable  of  existence  not 
only  in  presence  of  water,  but  under  the  ordinary  conditions  met 
with  in  the  laboratory  and  in  nature. 


[Contributions  prom  the  Chemical  Laboratory  op  the  Univbrsitv 
OF  Cincinnati,  No.  60.] 

A    METHOD    FOR    THE     ESTIMATION    OF    CHLORIDES* 
BROMIDES   AND   IODIDES. 

By  Stamlkt  Benedict  and  J.  F.  Snell. 

ReceiTcd  September  $.  I903> 

In  THE  August  number  of  this  Journal  we  described  a  method 
for  the  detection  of  chlorides,  bromides  and  iodides  in  presence 
of  each  other.  The  reagent  used  to  liberate  the  iodine  and  bro- 
mine was  potassium  iodate,  which  sets  free  the  iodine  on  addifi- 
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cation  with  acetic  and  the  bromine 'on  acidification  with  dilute 
nitric  acid.  In  the  same  paper  we  mentioned  that  the  reaction 
with  iodic  acid  had  been  employed  by  Bugarszky^  for  the  quan- 
titative separation  of  chlorides  and  bromides.  He  liberated  the 
bromine  with  potassium  biiodate  and  dilute  sulphuric  acid,  and 
determined  (i)  the  excess  of  biiodate  and  (2)  the  chlorine. 
This  method  is  evidently  inapplicable  in  presence  of  iodides.  The 
purpose  of  the  present  paper  is  to  describe  a  method  of  estima- 
tion of  all  three  halogens  when  present  together.  It  includes  de- 
terminations of  (i)  total  halogens,  (2)  iodine,  and  (3)  chlorine, 
the  bromine  being  estimated  by  difference. 

The  total  halogens  are  determined  by  any  of  the  ordinary 
methods,  gravimetric  or  volumetric. 

For  the  determination  of  the  iodine,  a  suitable  quantity  of  the 
substance  (containing  not  over  0.5  gram  iodine  or  0.15  gram 
chlorine,  if  tenth-normal  solutions  are  to  be  used)  is  dissolved 
in  water  and  made  up  to  about  50  cc.  in  a  100  cc.  glass  cylinder 
with  close-fitting  glass  stopper.  Neutral  potassium  iodate  is  added 
in  about  twice  the  quantity  necessary  to  react  with  all  the  bromine 
and  iodine  believed  to  be  present.  The  mixed  solution  is  acidified 
with  4  or  5  cc.  5N  (30  per  cent.)  acetic  acid  and  shaken  with  30-40 
cc.  carbon  disulphide  until  all  the  liberated  iodine  has  been  taken 
up  by  the  latter.  The  aqueous  phase  is  now  separated  from  the 
carbon  disulphide  phase  by  filtration  through  a  wet  filter,  and  the 
carbon  disulphide  is  thoroughly  washed  with  cold  water  on  the 
filter.  The  filtrate  and  washings  are  reserved*  for  the  chlorine 
determination.  The  carbon  disulphide  solution  is  transferred  to 
another  beaker  by  puncturing  the  filter  and  is  covered  with  20-25 
cc.  75  per  cent,  alcohol.  Any  carbon  disulphide  left  adhering  to 
the  filter  is  rinsed  down  into  the  beaker  with  a  portion  of  the  75 
per  cent,  alcohol.  The  iodine  is  now  titrated  with  sodium  thio- 
sulphate  with  constant  stirring.    No  starch  indicator  is  necessary. 

For  the  determination  of  the  chlorine,  the  aqueous  filtrate 
from  the  carbon  disulphide  is  treated  with  5  cc.  5N  nitric 
acid  (sp.  gr.  1.18)  to  liberate  the  bromine  and  is  boiled 
in  a  covered  beaker  until  colorless.  The  excess  of  iodate 
is  next  destroyed  b>  adding  a  quantity  of  potassium  iodide 
slightly  in  excess  of  the  amount  necessary  to  react  with 
it.     The   solution   is   again   boiled   until   colorless,   2   or   3   cc. 

X  ZUckr.anorg.  Chum.^  lo,  387  (1895)- 
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more  of  the  dilute  nitric  acid  being  added,  if  the  color  is 
not  completely  discharged  after  ten  or  fifteen  minutes'  boiling. 
A  minute  or  two  after  the  color  has  completely  disappeared  the 
solution  is  taken  from  the  flame,  cooled  and  neutralized  with 
sodium  carbonate.  To  secure  exact  neutralization,  a  little  calcium 
carbonate  may  be  added  at  first  and  then  sodium  carbonate  solu- 
tion until  a  precipitate  just  forms.  The  chlorine  is  then  deter- 
mined by  titration  with  standard  silver  nitrate,  using  potassium 
chromate  as  indicator. 

The  results  of  twelve  analyses  of  mixtures  of  potassium  iodide, 
potassium  bromide  and  sodium  chloride  are  tabulated  below.  It 
will  be  observed  that,  with  two  exceptions,  the  differences  between 
the  taken  and  found  quantities  of  potassium  iodide  and  sodium 
chloride  do  not  exceed  0.3  milligram. 


ON  CEROPTENE»  A  NEW  ORGANIC  COHPOUND. 

By  W.  C.  Blasdalb. 
Received  August  ac.  1903. 

In  an  article  published*  in  1893  the  writer  briefly  described  an 
organic  compound  which  had  been  obtained  from  the  fronds  of 
Gymnogramme  triangularis,  for  which  the  name  ceroptene  was 
provisionally  proposed.  It  was  shown  in  that  paper  that  this  com- 
pound, together  with  others  of  unknown  composition,  was  se- 
creted by  peculiar  gland-tipped  hairs,  which  were  found  in  great 
abundance  on  the  under  surfaces  of  the  fronds  of  the  before- 
mentioned  plant.  The  yellow  secretion  is  produced  in  such  abun- 
dance as  to  completely  envelop  and  conceal  the  dorsal  surfaces  of 
the  fully  developed  fronds,  whence  the  popular  name  of  the  plant, 
the  "golden-back"  fern. 

Secretions  of  a  somewhat  similar  character  are  produced  by 
other  species  of  ferns,  especially  certain  groups  of  species  be- 
longing to  the  genera  Gyinnogramme,  Cheilanthes  and  Nothol- 
oena;  possibly,  also  the  secretions  produced  by  certain  species  of 
Primula  are  of  a  like  nature.  Though  none  of  these  secretions 
appear  to  have  been  submitted  to  a  chemical  investigation,  the 
opinion  expressed  or  implied  in  most  of  the  botanical  treatises, 
which  deal  with  these  plants  is  that  they  consist  of  wax.  Goep- 

1  JStytMsa  (boUaical  journal  published  at  Berkeley  from  1893  to  1899),  1,  95a. 
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pert/  however,  considered  them  to  be  of  a  resinous  nature,  though 
his  only  reason  for  doing  so  is  their  solubility  in  alcohol. 
Klotzsch'  has  also  described  a  crystalline  compound  which  he 
obtained  accidentally  by  dissolving  the  indument  from  the  fronds 
of  various  species  of  Gymnogramme  with  alcohol  and  allowing 
the  solution  to  evaporate  spontaneously.  This  substance  melted 
at  50^,  was  soluble  in  hot  water,  and  in  the  opinion  of  this  in- 
vestigator was  a  '^pseudo-stearoptene,"  that  is,  a  compound  re- 
lated to  coumarine,  an  opinion  for  which  very  little  evidence  was 
offered. 

Though  the  golden-back  fern  is  a  comparatively  common  species 
on  the  Pacific  coast,  the  amount  of  secretion  yielded  by  it  is  but 
small,  and  it  has  been  a  difficult  matter  to  secure  the  large  quan- 
tities necessary  for  the  investigation.  The  work  has  been  further 
hindered  because  many  of  the  compounds  obtained  were  of  a 
tarry  nature  and  could  not  be  purified  when  working  on  the  small 
amounts  available.  Inasmuch  as  a  large  number  of  facts  regard- 
ing the  properties  of  the  compound  ceroptene  have  been  gradually 
acquired  it  has  seemed  advisable  to  publish  these  at  the  present 
time,  even  though  final  conclusions  regarding  its  structural 
formula  can  not  be  offered. 

PREPARATION  O^  CEROPTENE. 

Experiments  with  a  variety  of  solvents  showed  that  the  entire 
secretion  is  easily  soluble  in  either  benzene  or  petroleum-ether, 
more  readily,  however,  in  the  former  solvent.  The  dried  fronds, 
exclusive  of  stems,  were  treated  in  an  extraction  apparatus  with 
either  one  of  these  solvents  till  complete  solution  of  the  indument 
had  been  effected,  the  solution  thus  obtained  filtered  from  spores, 
etc.,  the  excess  of  solvent  distilled  off,  and  the  residual  solution 
allowed  to  evaporate.  In  time  there  appeared  wart-like  groups 
of  platy  crystals,  together  with  a  much  larger  amount  of  a  yellow 
amorphous  substance,  the  total  yield  ranging  from  44  to  64  per 
cent.  Repeated  crystallization  of  the  crystalline  portion  from 
either  benzene,  ethyl  ether,  or  alcohol  finally  gave  a  compound 
which  melted  very  sharply  at  135®.  This  is  the  compound  to 
which  the  name  ceroptene  has  been  given;  it  constitutes  about 
one-third  of  the  total  secretion.    The  non-crystalline  portion  melts 

>  *'  Actorum  Academia  Ccusaretg  LtopoUino-Carolitut  Natmra  Curiatorum^^*  |8«  SappL. 
1.  page  999. 
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at  about  58^  and  is  evidently  a  mixture  of  several  substances,  of 
which  the  only  one  identified  with  certainty  is  cerotic  acid.  Vari- 
ous methods  of  treating  this  portion  were  used;  the  most  satis- 
factory was  to  digest  with  a  dilute  aqueous  solution  of  potassium 
hydroxide,  in  which  the  cerotic  acid  is  but  slowly  soluble,  while 
the  other  constituents  of  the  secretion  dissolve  almost  imme- 
diately. The  insoluble  cerotic  acid  was  purified  by  repeated  treat- 
ment with  hot  alcohol.  The  alkaline  solution  was  acidified,  which 
reprecipitated  the  tarry  substance  held  in  solution,  and  the  precipi- 
tate thus  produced  treated  with  a  small  amount  of  cold  alcohol. 
This  treatment  left  insoluble  a  further  quantity  of  ceroptene  and 
a  very  minute  quantity  of  a  second  crystalline  substance.  '  Thus 
far  but  little  progress  has  been  made  in  the  separation  of  the 
tarry  products  dissolved  by  the  alcohol. 

DESCRIPTION  OF  CEROPTENE. 

The  pure  substance  forms  beautiful  tabular  or  prismatic  crys- 
tals of  a  sulphur-yellow  color.  It  is  readily  dissolved  by  acetone, 
chloroform,  carbon  bisulphide,  carbon  tetrachloride,  and  less  read- 
ily by  ether.  It  is  leadily  soluble  in  alcohol  or  benzene,  but  the 
solubility  is  greatly  increased  by  a  slight  increase  in  the  tempera- 
ture of  these  solvents.  Concentrated  sulphuric,  hydrochloric,  or 
acetic  acids  readily  dissolve  ceroptene  and  it  may  be  recovered 
from  the  two  latter  solvents  by  spontaneous  evaporation.  Dilu- 
tion of  all  of  the  three  acid  solutions  produces  a  light  yellow  pre- 
cipitate, which  on  treatment  with  benzene  yields  the  original 
ceroptene.  With  the  sulphuric  acid  solution,  however,  the  pre- 
cipitation takes  place  very'  slowly  and  small  amounts  of  tarry 
substances  are  produced  at  the  same  time.  On  heating,  it  fuses 
with  the  formation  of  a  clear  lemon-yellow  liquid  but,  as  the 
temperature  is  increased,  decomposes  with  the  formation  of  vola- 
tile compounds,  which  have  a  strong  aromatic  odor.  By  trans- 
mitted liglit,  the  crystals  are  of  a  clear  lemon-yellow  color,  but 
by  reflected  light  ihcy  show  a  pronounced  green  fluorescence. 
The  alcoholic  solution  also  shows  the  latter  phenomena  to  a  slight 
degree.  Neither  the  crystals  nor  their  solutions  rotate  the  plane 
of  polarized  light.  The  specific  gravity  of  the  crystals  at  a  tem- 
perature of  15"*,  compared  with  water  at  the  same  temperature,  is 
1. 1976. 
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CRYSTAIXOGRAPHY  OF  CEROPTENE, 

Crystallization  from  different  solvents  produced  individuals 
showing  a  considerable  diversity  of  habit,  though  the  number  of 
distinct  crystal  forms  concerned  was  not  great.  The  best  were 
obtained  from  benzene,  from  which  solvent  perfect  individuals  of 
flat,  tabular  form  sometimes  2  cm.  in  length  and  3  mm.  in  thick- 
ness could  be  obtained ;  chloroform  or  glacial  acetic  acid  gave  less 
perfect  forms;  alcphol  usually  gave  needle-shaped  or  prismatic 
forms  of  smaller  size.  Examination  of  the  crystals  with  polarized 
light  in  a  direction  at  right  angle  to  the  plane  of  greatest  de- 
velopment showed  the  emergence  of  an  optic  axis,  the  latter 
placed  very  eccentrically.  This  fact,  as  well  as  the  symmetry  of 
the  crystal  form,  clearly  classes  them  as  triclinic.  The  plane  of 
greatest  development  was,  therefore,  chosen  as  the  base  and  the 
two  planes  showing  the  least  inclination  to  it,  as  brachy-  and 
macropinacoids ;  it  was  then  easy  to  refer  the  remaining  planes 
to  either  dome  or  prismatic  faces.  Although  the  crystals  were 
well  formed,  many  of  the  faces,  especially  the  macropinacoid, 
failed  to  give  good  reflections  owing  to  the  curvatures  or  other 
imperfections.  The  accompanying  table  gives  the  results  of  the 
measurements  of  the  principal  interfacial  angles. 

Measurements  in  the  Brachv  Zone. 
Angle  (001)  A  (010).    Average  of  seven  measurements,  67^  29^. 
Angle  (0x0)  A  (<>")•    Average  of  two  measurements,  55®  59'. 
Angle  (001)  A  (oil)-     Average  of  three  measurements,  56*  57'. 
Angle  (001 )  A  (oi')»    Result  of  one  measurement,  33®  39^. 

Measurements  in  the  Macro  Zone. 
Angle  (001)  A  (!«>)•     Average  of  four  measurements,  85®  45^ 
Angle  (100)  A  ( loi ) .    Average  of  two  measurements,  42^  52^. 
Angle  (00 1 )  A  ( ^oi)«     Average  of  eight  measurements,  50®  49'. 

Measurements  in  the  Vertical  Zone; 
Angle  (100)  A  (010).    Average  of  five  measurements,  84^  ii^ 
Angle  (010)  A  (120).    Average  of  five  measurements,  30®  24^. 
Angle  (100)  A  ((20).    Average  of  three  measurements,  66®  10^. 

Prom  the  figures  representing  the  inclinations  of  the  three 
pinacoids,  the  following  values  were  calculated^  for  the  inclina- 
tions of  the  axes : 

1  The  writer  desires  to  acknowledge  his  indebtedness  to  Dr.  A.  S.  Bakle,  of  the  Depart- 
ment of  Minertlogy,  for  assistance  in  making  the  calculations. 
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a  =  112"  13',  fi  =  92"  12',  r  =  94**  33'. 
From  the  inclinations  of  the  two  dome  faces  (d  and  e  of  the  fig- 
ures) oa  the  base,  the  following  values  for  the  axial  ratios  were 
obtained: 

a  =  0.8353,  &  =  I,  c  =  1.0138. 
From  the  intersection  of  the  face  m  on  the  brachy-  and  macro- 
pinacoids,  the  intersection  of  that  plane  on  the  a  and  b  axes  re- 
spectively, was  found  to  be  1.757;  i»  hence  its  formula  is  (120). 
It  was  observed  only  when  truncating  the  more  acute  of  the  two 
prismatic  angles  formed  by  the  intersection  of  the  macro-  and 
brachy-diagonal  sections.  The  macrodome  face  was  present  only 
when  of  the  form  (loi).  The  brachydome  face  of  the  form  (oTi) 
was  the  one  usually  present,  though  the  form  (on)  was  observed 
in  two  instances.  Some  of  the  more  common  combinations  are 
shown  in  the  accompanying  figures  in  which  a  =  (100), 
t=(oio),  c=(ooi),  (/=(oiT),  ^  =  (10?),  /=(oii),  m  = 
(120). 


T 


Fig.  X.  Fiff.  a. 


Fig.  3.  Fig.  4. 

FORMULA  OP  CEROPTENE. 

In  order  io  obtain  satisfactory  material  for  the  quantitative 
examination,  very  careful  preparation  was  found  to  be  necessary, 
since  the  crystals  tend  to  retain  very  tenaciously  small  amounts 
of  the  waxy  constituents  of  the  secretion.  Failure  to  discover 
this  fact  led  to  an  erroneous  determination  of  the  formula  in  the 
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first  work  on  the  subject.  Of  the  results  recorded  below.  No.  i 
represents  materials  recrystallized  three  times  from  ether,  after 
the  preliminary  purification,  Nos.  2  and  3  were  obtained  similarly 
by  three  recrystallizations  from  benzene  and  Nos.  4  and  5  by 
three  recrystallizations  from  absolute  alcohol. 


Carbon*... 
Hydrogen . 


(I) 

(2) 

(3) 

(4) 

(5) 

Average. 

72.26 

72.42 

72.62 

72.62 

72.51 

72.48 

6.37 

6.16 

6.13 

6.16 

6.20 

6.20 

These  figures  indicate  that  the  formula  of  the  compound  is 
(C,H,0,)„,  the  theory  for  which  is  C  =  72.44,  H  =  6.09. 

The  molecular  weight  was  determined  by  the  freezing-point 
method,  using  the  usual  form  of  Beckmann  apparatus.  The  results 
obtained  were:  With  benzene  as  a  solvent,  253,  264,  255;  with 
glacial  acetic  acid  as  a  solvent,  2G8,  280 ;  with  phenol  as  a  solvent, 
259. 

The  correct  formula  of  the  compound  then  must  be  Ci,Hig04 
(molecular  weight  =  298),  the  low  results  obtained  being  prob- 
ably due  to  a  slight  amount  of  dissociation. 

REACTIONS  OF  C^ROPTENE. 

The  compound  possesses  decided  acid  properties.  It  is  dis- 
solved readily  by  even  dilute  solutions  of  the  alkaline  hydroxides, 
and  these  solutions  remove  it  rapidly  from  a  benzene  solution 
of  the  compound.  Long-continued  treatment  with  hot  solutions 
of  sodium  or  barium  carbonate  or  borax  dissolve  it  to  some  ex- 
tent. In  spite  of  these  facts,  it  is  a  difficult  matter  to  prepare  the 
pure  salts,  owing  to  their  unstability. 

If  a  solution  of  ceroptene  in  an  alkaline  hydroxide  is  grad- 
ually concentrated,  oily,  yellowish-brown  drops  finally  appear  in 
the  bottom  of  the  vessel;  these  solidify,  on  cooling,  with  the  for- 
mation of  a  hard,  yellow  mass,  which  is  easily  soluble  in  water. 
If  some  of  this  solid  yellow  mass  is  dissolved  and  the  solu- 
tion thus  obtained  is  allowed  to  evaporate  spontaneously, 
the  ceroptene  gradually  separates  out  in  the  form  of  granu- 
lar masses  and  the  residual  solution  becomes  alkaline.  Dilu- 
tion of  alkaline  solutions  of  ceroptene  does  not  bring  about  pre- 
cipitation, but  neutralization  results  in  the  formation  of  a  light 
yellow  precipitate,  and,  when  this  is  dissolved  in  benzene,  cerop- 
tene crystals  of  the  usual  form  are  produced  on  evaporation.    All 
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the  alkaline  soluticms  possess  a  much  more  intense  color  than 
sdutions  of  the  corresponding  concentration  in  organic  solvents. 
Two  samples  of  the  potassium  salt,  prepared  with  the  use  of  the 
smallest  possible  excess  of  the  alkali  and  separated  as  solid  yellow 
masses,  gave  11.94  and  11.42  per  cent,  of  potassium,  respectively. 
A  salt  corresponding  to  the  composition  CxsHxfKO^  should  con- 
tain 11.64  per  c^nt. 

The  barium  salt  was  prepared  by  boiling  ceroptene  with  a  slight 
excess  of  barium  hydroxide,  filtering  the  hot  solution  into  a  fiask 
previously  filled  with  hydrogen,  and  allowing  to  stand.  After 
several  days,  there  appeared  a  beautifully  crystalline  salt  of  a'deep 
yellow  color.  It  is  but  slightly  soluble  in  water  and,  on  heating, 
decomposes  before  reaching  a  definite  melting-point.  Deter- 
mination of  the  per  cent,  of  barium  in  two  preparations  of  the 
salt  gave  17.92  and  17.79  P^^  cent.,  respectively.  These  figures 
would  indicate  a  compound  corresponding  to  the  formula 
(CiaH„04),Ba.2H,0,  which  should  contain  17.87  per  cent,  of 
barium  and  4.69  per  cent,  of  water  of  crystallization.  Experi- 
ments in  heating  the  salt  showed  no  appreciable  loss  up  to  a 
temperature  of  120**,  but  at  160**  the'  salt  lost  5.23  per  cent,  in 
weight  and  there  was  some  evidence  of  decomposition. 

The  silver  and  lead  salts  may  be  obtained  by  the  addition  of 
the  nitrates  of  these  metals  to  solutions  of  the  potassium  salt. 
As  thus  obtained,  they  consist  of  gray,*  amorphous  precipitates 
which  are  difficultly  soluble.  Determination  of  the  silver  in  a 
sample  of  this  salt  (probably  contaminated  with  small  amounts 
of  silver  oxide)  gave  27.62  per  cent,  of  silver,  whereas  the  anhy* 
drous  salt  should  contain  26.66  per  cent. 

Attempts  to  acetylize  ceroptene,  using  glacial  acetic  acid  as  a 
solvent  and  various  combinations  of  acetic  anhydride,  acetyl  chlo- 
ride and  sodium  acetate  were  entirely  unsuccessful.  Either  the 
original  compound  was  obtained  unchanged,  or  tarry  decomposi- 
tion products  only  were  produced.  Similarly,  treatment  with 
benzoyl  chloride  failed  to  give  any  evidence  of  a  definite  reaction. 
With  bromine  in  a  chloroform  solution,  ceroptene  liberates  at 
once  hydrobromic  acid,  but  the  other  products  of  the  reaction  are 
non-crystalline  and  could  not  be  purified.  With  "Hiibrs  mix- 
ture," using  the  usual  method  for  tfie  determination  of  the  iodine 
absorption,  no  absorption  of  iodine  was  shown. 
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Phenylhydrazine  and  hydroxylamine  do  not  react  with  cen^ 
tene  under  the  conditions  which  usually  bring  about  reactions 
with  aldehydes  or  ketones,  and  no  bisulphite  compound  could 
be  prepared.  No  indications  of  reducing  properties  could  be  ob- 
tained by  the  use  of  the  usual  reagents,  t.  e.,  alcoholic  silver 
nitrate,  Failing's  solution,  etc. 

Oxidizing  agents,  dilute  nitric  acid  or  potassium  permanganate 
or  bichromate  in  alkaline  solution,  added  to  ceroptene  and  heated, 
at  once  give  a  pronounced  odor  of  benzaldehyde.  When  0.5  gram 
of  ceroptene  was  heated  with  potassium  permanganate  for  an 
hour,  filtered  from  the  precipitate  of  manganese  dioxide  which  is 
formed,  acidified  and  extracted  with  ether,  a  white  crystalline 
compound  was  obtained.  This,  after  purification  by  recrystal- 
lization,  was  found  to  melt  at  122^,  and  was  sublimed  without 
change.  When  it  was  dissolved  in  absolute  alcohol,  the  solution 
saturated  with  dry  hydrochloric  acid  gas,  and  the  whole  poured 
int©  cold  water,  oily  drops  having  the  characteristic  odor,  of  ethyl 
benzoate  separated  out  Some  carbon  dioxide  is  produced  during 
the  oxidation,  but  It  is  evident  that  the  chief  product  of  the  re- 
action is  benzoic  acid,  though  it  is  probable  that  the  corresponding 
aldehyde  is  first  produced. 

The  treatment  of  a  glacial  acetic  acid  solution  of  cerqptene 
with  concentrated  aqueous  hydriodic  acid  at  a  temperature  of  60*" 
or  above,  produces  a  crystalline  iodo-compound,  which  melts  at 
182°.  This  appears  in  crystalline  fprm  on  cooling  the  hot  mix- 
ture, and  continues  to  separate  irom  the  solution  during  several 
days.  The  yield  obtained  in  six  different  preparations  ranged 
from  131  to  145  per  cent,  of  the  ceroptene  used.  Many  attempts 
were  made  to  separate  other  products  of  the  reaction  from  the 
acid  mixture,  but  in  every  case  only  tarry  compounds,  which  in 
solubility,  etc.,  seemed  to  be  identical  with  the  crystalline  iodo- 
compownd,  were  obtained.  Iodine  is  not  liberated  during  the 
reaction,  nor  was  any  considerable  amount  of  the  free  iodine, 
which  was  present  in  the  hydriodic  acid  used,  taken  up.  The 
reaction  does  not  take  place  when  other  solvents  are  substituted 
for  the  acetic  acid,  nor  does  an  analc^nous  reaction  take  place 
when  hydrochloric  or  hydrobromic  acids  are  used  in  place  of 
hydriodic  add. . 
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THE  lODO-COMFOUND. 

The  crystals  are  needle-shaped,  often  an  inch  long,  with  blunt 
terminations,  but  the  faces  are  too  imperfect  to  admit  of  crys- 
tallographic  study.  By  transmitted  light  they  are  red-brown,  but 
by  reflected  light  they  are  dark  purple.  On  heating,  they  first 
melt  with  the  liberation  of  iodine,  then  carbonize,  and  finally  bum 
without  residue.  They  are  insoluble  in  water,  carbon  bisulphide 
and  petroleum  ether,  only  slightly  soluble  in  glacial  acetic  acid, 
benzene  and  nitrobenzene,  but' readily  so  in  alcohol  and  acetone. 
It  is,  however,  almost  impossible  to  recrystalHze  the  compound 
from  any  of  these  solvents ;  when  dissolved  in  alcohol  or  acetone, 
the  solution  leaves,  on  evaporation,  a  black,  tarry  mass  which 
seems  to  possess  all  the  chemical  properties  of  the  original  crys- 
tals. If  acetic  acid  is  added  to  the  acetone  solution,  a  very  small 
amount  of  the  compound  separates  in  crystalline  form,  the  re- 
mainder as  an  amorphous  mass.  The  composition  of  the  com- 
pound is  shown  in  the  following  analyses,  each  of  which  repre- 
sents a  different  preparation,  obtained  by  washing  the  crystals, 
which  separated  out  with  glacial  acetic  acid,  and  dr3ring  at  iio*^. 
The  iodine  was  determined  by  the  Carius  method,  but  most  of 
the  determinations  are  somewhat  high,  owing  to  the  presence  of 
minute  particles  of  glass  which  could  not  be  separated  from  the 
precipitate. 


Carbon.... 
Hydrogen 
Iodine  . . . . 


(i) 

(a) 

(3) 

(A) 

(5) 

41.26 

4i.ao 

41.34 

41.07 

41.22 

41.22 

.... 

3.44 

3.43 

3.44 

3.41 

3.43 

.  •  • . 

40.25 

40.84 

40.69 

.... 

40.59 

These  figures  correspond  most  nearly  to  the  composition 
CtiHiJO,,  the  theory  for  which  is  C  =  41.51,  11  =  3.46, 
I  =  39-94. 

The  molecular  weight  was  determined  with  approximate  accu- 
racy only ;  the  small  amount  of  material  available  necessitated  the 
use  of  freezing-point  methods  and  the  very  slight  solubility,  in 
the  solvents  commonly  employed,  introduced  a  large  percentage 
error  in  these  determinations.  Using  nitrobenzene  as  a  solvent, 
two  approximate  results,  310  and  357  respectively,  were  obtained. 
The  theory  for  QuHiJOj  is  318.  These  results  are  sufficient  to 
establish  the  formula  of  the  compound  as  written  above. 


-  I 
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REACTIONS  OF  THE  lODO-COM POUND. 

The  iodo-compound  shows  acid  properties  similar  to  those  of 
ccroptene,  but  the  preparation  of  the  pure  salts  is  attended  with 
many  difficulties.  The  salts  are  characterized  by  red  or  brown 
colors  and  possess  weak  dyeing  properties  with  woolen  goods. 
An  approximately  pure  potassium  salt  yielded  15.27  per  cent,  of 
potassium;  the  compound  C11HJ1KO4  should  contain  15.89  per 
cent.  If  an  alkaline  solution  of  the  iodo-compound  is  acidified, 
there  is  produced  a  yellow  precipitate  which  coagulates  to  form 
resinous  masses.  It  is  soluble  in  alcohol,  acetone,  cliloroform  suid 
glacial  acetic  acid,  but  it  can  not  be  crystallized  from  any  of  these 
solvents  or  combinations  of  them.  It  does  not  contain  iodine 
and  melts  very  indefinitely  at  52®.  Owing  to  its  amorphous 
nature  and  the  difficulty  of  dr)ring  without  effecting  deoxnposi- 
tion,  an  accurate  determination  of  its  formula  could  not  be  made. 
The  result  of  three  combustions  and  a  single  molecular  weight 
determination  indicate  that  the  formula  is  CnHjaO^. 

On  oxidizing  the  iodo-compound  with  nitric  acid  or  potassium 
permanganate,  as  in  the  treatment  of  ceroptene,  similar  evidence 
for  the  formation  of  benzaldehyde  and  benzoic  and  carbonic  acids 
was  obtained.  With  the  usual  reagents  for  the  detection  of  aldehyde 
or  ketone  groups,  no  evidence  of  any  reaction  could  be  obtained. 
Attempts  to  reduce  with  sodium  amalgam  and  also  with  metallic 
magnesium  led  to  the  formation  of  compounds  which  could  not 
be  purified. 

The  exact  nature  of  the  reaction  involved  in  the  formation  of 
the  iodo-compound  is  still  a  mystery.  Apparently,  it  is  the  only 
product  of  that  reaction.  If  it  be  assumed  that  i  molecule  of 
ceroptene  produces  i  molecule  of  the  iodo-compound,  the  theo- 
retical yield  should  be  106.7  P^^  cent.  Since  the  actual  yield 
varies  from  131  to  145  per  cent,  and  since  a  large  amount  of  a 
non-crystalline  compound,  which  seems  to  be  identical  with  the 
crystalline  product,  is  produced  at  the  same  time,  it  is  probable 
that  2  moledules  of  the  iodo-compound  are  produced  from  i  of 
ceroptene.  Evidently  the  acetic  acid  takes  part  in  the  reaction, 
as  is  also  evinced  by  the  failure  to  obtain  the  compound 
when  other  solvents  are  used.  Further,  this  involves  more  than 
the  simple  addition  of  an  acetyl'  group,  since  no  evidence  of  acetic 
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add  nor  of  any  volatile  compound  could  be  obtained  on  saponify- 
ing, acidifying  the  product,  and  distilling.  As  to  the  structure 
of  the  iodo-compound,  it  can  only  be  said  at  present  that  it  con- 
tains a  single  benzene  nucleus  with  a  side  chain,  and  that,,  since 
the  iodine  is  easily  displaced,  it  is  not  a  part  of  a  second  ring, 
though  as  the  substance  does  not  add  iodine,  and  hence  contains 
no  ethylene  groupings,  it  is  somewhat  difficult  to  write  a  structural 
formula  in  which  rhe  ring  structure  is  absent.  At  first  sight  it 
would  seem  as  though  the  quantitative  relation  involved  in  the 
formation  of  the  iodo-compound  would  indicate  that  ceroptene 
was  composed  of  iwo  symmetrical  groups,  each  containing  a 
single  benzene  nucleus,  which  is  split  by  the  hydriodic  acid.  If 
this  were  strictly  so,  however,  the  formation  of  dibasic  as  well 
as  monobasic  salts  should  be  expected.  Any  attempt  to  express 
the  probable  structure  of  either  compound  is  at  present  unprofit- 
able. 

IDENTIFICATION  OF  CEROTIC  ACID. 

If  the  waxy  portion  of  the  secretion,  which  remains  after  the 
separation  of  the  ceroptene,  is  digested  with  hot  alcohol,  filtered 
while  hot,  and  allowed  to  cool,  a  white  amorphous  precipitate 
separates  out.  This  precipitate  fused  at  64"^  and,  on  cooling, 
formed  a  hard,  brittle  mass.  By  two  further  precipitations  from 
alcohol,  a  product  was  obtained  which  melted  at  70®.  A  more 
rapid  method  of  separating  the  same  substance  was  to  digest  the 
wax  with  a  dilute  solution  of  an  alkaline  hydroxide  and  treat 
the  undissolved  portion  with  alcohol  as  in  the  other  method. 
When  obtained  by  either  process,  the  product  was  of  a  greenish 
color  after  fusion,  was  readily  soluble  in  petroleum  ether,  acetone 
and  ethyl  ether,  and  was  precipitated  from  the  solution  by  lead 
acetate.  The  alcoholic  solution  shows  only  faint  acid  properties, 
and  the  amount  of  potassium  hydroxide  necessary  to  react  with 
I  gram,  determined  by  the  ordinary  process  for  saponification 
number,  was  found  to  be  0.22  gram.  The  combustion  of  three 
different  preparations  gave  the  following  results : 

(I)  (2)  (3)    Theory  for  C^HmOs^ 

Carbon 79.04       78.29       80.24  78.94 

Hydrogen 12.32        12.56        13.30  13.26 

A  single  determination  of  the  molecular  weight  by  the  freezing- 
point  method,  using  benzene  as  the  solvent,  gave  482,  though  the 
percentage  error  involved  in  this  determination  is  comparatively 
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large,  owing  to  the  very  slight  solubility  in  this  solvent.  In  all 
the  particulars  noted  above,  the  substance  agrees  so  closely  with 
the  substance  originally  separated  by  Brodie  from  beeswax  that 
there,  can  be  little  doubt  that  it  is  essentially  cerotic  acid.  The 
preparations  thus  far  obtained  are  impure. 

THE  OTHER  CONSTITUENTS  OF  THE  SECRETION. 

As  noted  earlier  in  this  paper,  a  seccmd  crystalline  compound 
is  obtained  from  the  tarry  precipitate  produced  by  acidifying  the 
alkaline  solution  of  the  secretion.  Treatment  of  this  precipitate 
with  alcohol  leaves  a  small  amount  of  ceroptene,  tc^ether  with 
the  substance  just  referred  to.  It  is  a  difficult  matter  to  separate 
it  from  the  ceroptene,  but  a  long  series  of  fractional  crystalliza- 
tions from  acetone  finally  separated  it  in  pure  condition.  It  forms 
brown,  monoclinic  prisms  which  melt  at  185^.  Some  of  these 
were  obtained  large  enough  for  crystallographic  study.  The  only 
forms  present  were  ihe  prism,  basal  plane  and  clinopinacoid.  The 
angles  measured  were  as  follows : 

(no)  >  (no)  (average  of  9 measurements)        =77®  32' 
(iio)>(ooi)        -        -4  •*  =57*^31' 

(010)  >  (001)  (result  of  a  single  measurement)=  89®  54'. 

Barely  enough  of  the  pure  substance  was  obtained  for  a  single 
combustion,  the  results  of  which  were  €  =  69.01  per  cent., 
H  =  4.95  per  cent. 

That  portion  of  the  acid  precipitate  which  is  easily  soluble  in 
cold  alcohol,  and  which  forms  nearly  one-half  the  total  secretion, 
is  of  an  entirely  amorphous  nature.  In  a  long  series  of  experi- 
ments with  a  great  variety  of  solvents,  only  brown,  sticky  com- 
pounds were  obtained.  The  compounds  of  which  this  material 
is  composed  are  evidently  strongly  acid  in  character,  and  their 
lead  salts  are  insoluble.  Cc»nbustions  of  several  samples  of  the 
substance  gave  resujts  varying  from  57.76  to  68.33  P^^  ^^^^*  of 
carbon,  and  frcMn  7  to  7.17  per  cent,  of  hydrogen.  The  material 
is  clearly  a  mixture  of  several  acids. 

CHSmCAL  I«ABOaATORT,  UNIVBasmT  OF 

Caufoknia,  Attgnst  15,  1903. 
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THE  HYDROCARBONS  IN  LOUISIANA  PETROLEUM. 

Bt  Charles  B.  Coates  and  Alfred  Best. 

RcceiT«d  Sepcember  z,  1909. 

The  excitement  which  followed  the  discovery  of  the  Beau- 
mont oil  field  in  Texas  and  the  speculation  which  attended 
its  development,  have,  to  some  extent,  drawn  the  attention 
of  the  public  from  the  development  of  the  petroleum  fields  of 
Louisiana.  -Of  these,  the  fields  at  Welsh  and  at  Jennings  have 
already  passed  into  a  solidly  commercial  condition,  while  at  Anse 
la  Butte,  and  at  numerous  other  points  in  Southern  Louisiana, 
oil  has  been  found  in  considerable  quantity.  It  is  the  intention 
of  the  writer  to  publish  later  an  account  of  the  chemical  nature 
of  the  various  oil  pools  in  Louisiana.  In  view  of  the  fact,  how- 
ever, that  very  little  information  is  available  in  r^ard  to  this 
matter,  it  has  been  considered  advisable  to  present  here  the  re- 
sults of  some  work  done  in  this  laboratory  during  the  past  six 
months.  Early  in  the  spring,  saq;iples  of  oil  were  secuied  from 
Beatunont,  Texas,  and  from  the  oil  fields  near  Welsh,  Jennings. 
and  Breaux  Bridge  in  Louisiana.  These  oils  were  distilled  from 
Engler  flasks  with  the  usual  precautions.  Their  fuel  values  were 
determined  with  a  Parr  calorimeter,  which  gave  concordant  re- 
sults on  duplicate  determinations  and  proved  in  every  way  satis- 
factory. 

In  the  distillations,  it  was  found  that  the  time  taken  influenced 
the  results  to  such  an  extent  that  no  measurements  were  con- 
cordant above  300**.  This  is,  doubtless,  due  to  the  decomposition 
of  the  higher  fractions,  these  breaking  down  slowly  into  fractions 
both  of  lower  boiling-point  and  of  higher  boiling-point  than  the 
original  fraction. 

The  following  table  shows  the  results  of  these  examinations : 

In  the  table  the  distillations  were  made  in  duplicate  and 
agreed  fairly  well.  The  relative  evolution  of  hydrogen  sulphide, 
at  low  temperatures,  is  worth  consideration,  both  from  the  stand- 
point of  pumping  the  crude  oil  and  of  refining  it.  The  figures 
obtained  for  the  Beaumont  oil  differ  somewhat  from  those  previ- 
ously published.  It  would  seem  that  it  had  gotten  heavier  than 
it  was  when  the  Lucas  well  was  first  opened,,  and  it  also  shows  a 
general  rise  in  the  boiling-points  of  the  fractions.  There  are 
now  no  gushing  wells  at  Beaumont,  and  many  which  once  pro- 
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duced  oil  on  pumping,  have  been  abandoned.  The  field  at  Jen- 
nings is  of  greater  area,  and  less  initial  pressure.  The  proved 
field  there  is  growing  and  the'  wells,  while  not  phenomenal,  are 
considered  profitable.  There  is,  as  yet,  no  reason  to  fear  that  the 
field  is  losing  in  producing  power.  This  is  also  true  of  the  Welsh 
field.  The  geology  of  these  oil  deposits  is  still  somewhat  ob- 
scure. It  has  been  suggested  that  they  are  pools,  gathered  under 
pressure  in  the  top  of  a  dome  with  sharply  descending  sides. 
Such  a  deposit  would  possibly  be  larger  when  the  angle  of  the 
dome  was  more  obtuse.  There  are,  throughout  Southern  Louisi- 
ana, certain  elevations  of  an  otherwise  flat  country.  They  are 
generally  of  limited  area  and  rise  only  a  very  few  feet  above  the 
surrounding  plain.  These  elevations  are  considered  superficial 
indications  of  gas  pressure  beneath  and,  consequently,  of  oil. 
There  is  also  a  certain  amount  of  seepage,  and  some  springs 
show  oil  in  their  water.  None  of  these  indications  are  reliable 
as  establishing  the  existence  of  an  oil  pool,  which  fact,  however, 
would  seem  to  make  it  probable  that  many  such  pools  may  still 
remain  undiscovered. 

In  the  following  investigation  the  sample  sent  from  Breaux 
Bridge  was  taken,  first,  because  it  was  sent  in  considerable  quan- 
tity. The  methods  employed  were  those  suggested  by  Mabery 
in  his  recent  investigations  of  the  Texas  oils,  and  by  Richardson 
and  Wallace  in  their  paper  on  the  Beaumont  field.  A  similar 
treatment  of  Jennings  and  Welsh  fields  will  follow  as  soon  as 
time  permits. 

The  oil  ?n  question  was  sent  by  the  Moresi  Co.,  of  Jeanerette,La. 
It  was  taken  from  a  6oa-foot  stratum  at  Anse  la  Butte,  near 
Breaux  Bridge,  La.  This  is  considered  a  shallow  well.  There 
are  others  at  Anse  la  Butte  which  are  looo  feet  deep  and  produce 
15  to  30  barrels  daily.  The  crude  oil  was  low  in  sulphur,  an 
analysis,  by  the  Carius  method,  showing  only  0.2  per  cent.  It 
was  black,  viscous  and  had  a  not  unpleasant  odor,  somewhat  re- 
sembling turpentine.  The  specific  gravity,  at  25**,  was  0.9392. 
Distilled  in  an  Engler  flask,  at  atmospheric  pressure,  it  gave  no 
gascdine  and  16  per  cent,  illuminating  oil — ^the  fractions  up  to 
300**  C.  Heated  to  350"*  C,  22  per  cent,  more  oil  was  obtained. 
Heated*  above  this  to  asphalt,  the  distillate  was  a  dark,,  heavy, 
fluorescent  oil  with  a  somewhat  unpleasant  odor.     After  the 
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limit  of  the  thermometer  employed,  400"*,  was  reached,  it  was 
removed  and  distillation  continued  until  little  more  oil  came  over. 
The  residue,  amounting  to  about  9  per  cent.,  was  heated  in  an 
open  dish  until  it  was  about  one-fourth  evaporated.  The  result- 
ing mass  was  asjrfistltic  in  its  nature,  being  hard,  black  and  shiny, 
with  a  conchoidal  fracture.  It  had  a  specific  gravity  of  1.123. 
On  burning  in  a  closed  platintun  crucible,  as  in  coal  analysis, 
the  following  results  were  obtained : 

Volatile  matter • 71.0 

Fixed  carbon 28.6 

Ash • 0.4 

Compared  roughly  with  paving  asphalt,  the  physical  qualities 
of  this  residue  appeared  only  fair. 

An  attempt  was  made  to  refine  the  illuminating  oil  fraction 
by  sulphuric  acid,  in  the  usual  way,  washing  with  sodium  hy- 
droxide. It  was  found  practically  impossible  to  secure  a  water- 
white  product.  The  most  nearly  colorless  products  obtained 
turned  yellow  in  a  few  days,  on  standing  in  an  open  Erlenmeyer 
flask.  About  15  per  cent,  of  sulphuric  acid  was  used,  and  there 
was  a  loss  of  about  12  per  cent,  of  oil,  though  these  figures  could 
probably  be  reduced  in  practice.  The  refined  oil  was  tested  in  an 
ordinary  flat-wick  lamp.  It  burned  freely  with  a  somewhat 
smoky  yellow  flame  and  a  pleasant  resin-like,  aromatic  odor, 
differing  altogether  from  that  of  ordinary  kerosene.  Upon  re- 
placing the  lamp  chimney  with  one  considerably  taller,  the  yellow 
flame  became  white  and  no  longer  smoked.  As  the  oil  was  almost 
free  from  sulphur,  the  fraction,  up  to  300**,  was  burned  without 
refining  at  all  and  seemed  to  do  as  well  as  the  refined  oil.  Still, 
considering  the  limited  quantity  of  illuminating  oil  present,  its 
poor  quality  and  the  small  amount  of  asphalt,  it  would  seem  that, 
in  the  present  state  of  chemical  technology,  the  Breaux  Bridge 
oil  is  fitted  mainly  for  fuel  purposes.  For  these  it  is  well  adapted, 
containing  but  little  sulphur  and  being  slightly  higher  in 
fuel  value  than  the  California  petroleums,  which  are  now  used  for 
fuel  in  large  quantities.  Its  lubricating  qualities  have  not,  as  yet, 
been  tested,  though  it  is  said  to  have  been  used  locally  with  good 
results. 

In  order  to  obtain  fractions  suitable  for  combustion,  500  cc. 
portions  were  distilled  from  a  liter  distilling  flask,  with  the  follow- 
ing results: 


THB  HYDROCARBONS  IN  LOUISIANA  PBTROLBUH.  1 1 57 

Per  cent. 

Below  220®  C. — atmospheric  pressure none 

220^-240^  C.<— atmospheric  pressure 0.3 

240*^-260^  C. — atmospheric  pressure 2. 

26o**-28o**  C— atmospheric  pressure 8. 

28o**-30o°  C. — atmospheric  pressure 6. 

300®-32o®  C. — atmospheric  pressure 5. 

160^-200®  C. — ^at  60  mm.  pressure 5. 

200^-245®  C. — at  60  mm.  pressure 1 1. 

245^-285^  C. — ^at  60  mm.  pressure .  20. 

285®-32o**  C.-— at  60  mm.  pressure 6. 

This  was  repeated  several  times  until  a  considerable  quantity 
collected  at  certain  points.  The  corresponding  fractions  were 
then  mixed  and  the  series  subjected  to  fractional  distillation  at 
60  mm.  It  was  found  exceedingly  difficult  to  obtain  a  fraction 
with  a  constant  boiling-point.  Portions  which  came  over  at,  say 
i65**-i67**,  would,  on  redistillation,  break  up  into  a  series  of 
products,  ranging 'from  150** -180**,  the  portion  remaining  in  the 
flask  always  being  darkened  and  showing  some  decomposition 
After  considerable  trouble,  three  fractions  were  obtained,  boiling 
at  iio**-ii5*',  ifo^'-ies**,  and  210** -215*',  respectively.  These 
were  shaken  with  fuming  sulphuric  acid,  washed  with  water, 
sodium  hydroxide,  and  water  again,  then  dried  over  calcium 
chloride,  and  redistilled.  In  order  to  prevent  decomposition  of 
the  higher  hydrocarbons,  the  2 10** -2 15**  fraction  was  dissolved 
in  gasoline  before  adding  the  sulphuric  acid,  and  the  gasoline 
subsequently  distilled  off,  as  recommended  by  Mabery  and  Buck,^ 
Each  fraction  lost  considerably  on  the  acid  treatment,  but  the 
amount  was  not  measured,  since  so  much  sulphuric  acid  was  used 
as  to  preclude  its  use,  practically,  in  refining. 

The  iio**-ii5*'  (60  mm.)  fraction  boiled  at  205^-210*'  at  760 
mm.,  with  slight  decomposition;  it  was  water-white,  and  had  an 
odor  so  strongly  resembling  turpentine  that  it  was  difficult  to  dis- 
tinguish them,  one  from  the  other.  This  odor  was  not  affected 
by  the  acid  treatment.  A  portion  of  the  oil  was  polarized,  but 
showed  no  optical  activity.  This  odor  is  so  marked  that  a  similar 
distillate,  obtained  in  the  Jennings  refinery,  is  now  being  offered 
for  sale  as  a  turpentine  substitute,  and  the  makers  claim  it  answers 
its  purpose  well.  The  specific  gravity  of  the  iio**-ii5**  fraction 
was  0.8479  2it  27**.    Its  molecular  weight  was  determined  by  the 

>  This  Journal,  aa,  555. 


1 158        THB  HYDROCARBONS  IN  LOUISIANA  PBTROLBUM. 

freezing-point  method,  benzene  being  used  as  a  solvent;  161  was 
found ;  calculated  for  Ci,H^,  166.  A  combustion  of  the  oil  gave, 
for  carbon,  864  per  cent.,  and  for  hydrogen,  13.38;  calculated  for 
CjmHjj,  carbon,  86.74  per  cent.;  hydrogen,  13.26. 

The  i6o**-i65''  fraction  (60  mm.)  was  treated  in  the  same  way 
as  the  preceding  one.  It  had  none  of  the  turpentine-like  odor. 
Its  specific  gravity  at  29"*  was  0.8785.  Its  molecuar  weight,  by 
the  freezing-point  method,  with  benzene,  was  189 ;  calculated  for 
Ci^Hj^,,  194.  On  combustion  it  gave,  for  carbon,  86.79  P^*"  cent., 
and  for  hydrogen,  13.  i.  Calculated  for  Ci^Hj^,  carbon,  86.59  per 
cent.;  hydrogen,  13.41. 

The  210** -215**  fraction  (60  mm.)  was  treated  as  was  the 
preceding.  Its  specific  gravity  at  29**  was  0.9009.  Its  molecular 
weight,  by  the  freezing-point  method,  was  233;  calculated  for 
CitHjo,  234.  Upon  combustion  it  gave,  for  carbon,  87.15  per 
cent.,  and  for  hydrogen,  12.72  per  cent.  Calculated  for  Ci^Hjo, 
carbon,  87.18  per  cent. ;  hydrogen,  12.82  per  cent. 

From  the  above  figures  it  is  evident  that  the  series  C^H^^^^ 
and  C„H^^_^  are  the  main  constituents  of  this  oil.  This  corre- 
sponds with  the  conclusions  reached  by  Mabery  and  Buck*  on 
some  Texas  oil,  and  also  by  Mabery*  on  the  Beaumont  oil. 
Mabery  considers  the  series  C^H^^  _  ^  as  belonging  to  the  dicydic 
polymethylene  series,  in  which  view  Richardson  and  Wallace  con- 
cur. By  analogy,  the  series  C^H.^_^  might  be  looked  upon  as 
being  desired  from  dihexahydrofluoren,  C^K^q — CoHjo ;  but  there 

\      / 
CH, 

is,  as  yet,  little  positive  evidence  as  to  the  structure  of  either 
series.  They  are  almost  certainly  not  unsaturated  aliphatic  com- 
pounds, however,  for  they  do  not  behave  as  though  unsaturated. 
If  they  are  cyclic  compounds,  they  might  respond  to  NikiforoflF's 
methods  of  consecutive  decomposition  under  increased  pressure, 
which  has  succeeded  in  producing  benzene  derivatives  of  ex- 
cellent quality  from  Russian  petroleum.  That  Louisiana  pe- 
troleum does  undergo  progressive  decomposition,  under  continued 
distillation,  has  been  established  in  the  course  of  this  investigation. 

>  Loc.  cit, 

*  This  Journal,  1901,  p.  364. 

Louisiana  Statb  U2tivBx.8iTT, 
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ON  THE  INFLUENCE  OF  DIET,  MUSCULAR  EXERTION  AND 

LOSS  OF  SLEEP  UPON  THE  FORMATION 

OF  URIC  ACID  IN  MAN. 

BT  H.  C.  SBBKMAir. 

Received  September  iz.  ipos* 

Within  the  last  few  years  "much  attention  has  been  given  to 
the  bdiavior  of  the  nucleins  and  purin  bodies  in  the  human  organ- 
ism, and  the  sources  and  significance  of  the  uric  acid  eliminated. 
This  work  has  been  so  fully  discussed  by  recent  writers/  that 
it  is  unnecessary  to  review  it  here.  The  principal  workers  are 
agreed  that  the  uric  acid  eliminated  comes,  in  part,  from  the 
activities  within  the  body  and,  in  part,  from  the  purin  bodies  in- 
gested, either  as  such  or  as  constituents  of  the  nucleins,  the  for- 
mer being  sometimes  called  the  "endogenous,"  the  latter  the 
"exogenous"  uric  acid.  No  general  agreement  exists,  however, 
in  r^;ard  to  the  causes  or  limits  of  variation  in  either  the  endoge- 
nous or  the  exogenous  portion.  The  daily  elimination  of  uric 
acid  by  healthy  men,  on  diets  believed  to  be  practically  free  from 
purin  bodies,  has  been  variously  reported  at  from  0.20  to  0.60 
gram.  Burian  and  Schur  hold  that  this  variation  in  the  endoge- 
nous uric  acid  is  a  matter  of  individual  peculiarity,  but  that 
the  exogenous  portion  bears  quantitative  relations  to  the  different 
purin  compounds  of  the  ingested  foods.  Other  investigators  have 
failed  to  confirm  the  latter  claim  and  hold  that  this  exogenous 
portion  is  also  influenced  by  other  causes.  Evidently  these  ques- 
tions can  only  be  settled  by  the  accumulation  of  data  regarding 
the  influence  of  various  conditions  upon  the  elimination  of  uric 
add  by  different  healthy  men. 

Some  years  ago,  in  connection  with  a  study  belonging  to  the 
nutrition  investigations  of  the  United  States  Department  of  Agri- 
culture," the  writer  had  opportunity  to  determine  the  uric  acid 
eliminated  by  professional  bicycle  riders  during  a  six-day  race, 
involving  such  severe  and  long-continued  exertion  as  would  only 
be  possible  for  well-trained  athletes  of  unusual  strength  and  en- 

•  Burian  and  ecYmr  \  Arehiv.  fkr  gea,  Pkjmol.  (Pflfifer),  So,  041;  By,  S39;  94,  vj$, 
Loewl :  Arcksv.  txperimun,  Paik.  amd  Pkarm.y  44.  x ;  45, 157.  Welner'f  *' BfgebniMe  der 
Phjilotoffie,**  1909. 

1  U.  8.  Dept  of  Agr.,  OAce  of  Experiment  SUtioni,  Bnll.  98.  "The  Sff«ct  of  Severe 
and  Prolonged  Mnacnlar  Work  upon  Pood  Conaumption,  Digestion  and  MetaboUam,"  by 
W.  O.  Atwatcr  and  H.  C  Sherman. 
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durance,  'i  he  subjects  rode  usually  about  twenty  hours  per  day, 
sleeping  only  one  or  two  hours  in  every  twenty-four,  and  the 
food  consumed  was  large  in  amount  and,  in  some  cases,  contained 
large  quantities  of  meat  extract.  As  there  was  no  opportunity 
to  experiment  with  these  subjects,  except  during  the  race,  it  was 
impossible  to  judge  in  how  far  the  results  of  muscular  exertion 
were  complicated  by  those  of  diet  and  loss  of  sleep,  and  the  fig- 
ures for  uric  acid  were,  therefore,  not  published.  Since  that 
time  it  has  been  possible  to  experiment  with  another  subject  re- 
garding the  influence  of  loss  of  sleep,  as  well  as  with  some  of 
the  foods  used  by  the  racers,  and  it  is  believed  that  the  results 
can  now  be  interpreted  with  sufficient  accuracy  to  render  them 
of  value. 

OBSERVATIONS  UPON   PROFESSIONAL  BICYCLE  RACERS. 

A  detailed  description  of  the  subjects  and  their  work,  diet  and 
metabolism  will  be  found  in  the  bulletin  cited  above.  The  prin- 
cipal data  bearing  upon  the  present  discussion,  may  be  summa- 
rized as  shown  on  pages  1161  and  1 162. 

It  will  be  noted  that  large  amounts  of  food  were  consumed 
and  large  quantities  of  nitrogen  eliminated.  The  elimination  of 
uric  acid  was  not,  as  a  rule,  increased  in  proportion  to  the  total 
nitrogen,  but  was  in  most  cases  somewhat  and  in  some  cases 
considerably  above  the  normal.  Before  considering  whether  this 
increase  of  uric  acid  should  be  attributed  to  the  diet  or  the  work, 
the  possible  influence  of  loss  of  sleep  may  be  noted. 

INFLUENCE  OF  LOSS  OF  SLEEP. 

In  connection  with  certain  experiments  with  another  subject, 
"S,"  the  details  of  which  are  described  elsewhere,^  the  uric  acid 
elimination  was  observed  for  a  period  of  several  days,  the  diet 
being  kept  constant  and  all  the  conditions  as  nearly  uniform  as 
possible,  except  that  during  three  consecutive  days  the  amount 
of  sleep  was  materially  reduced.  The  food  of  each  day  consisted 
of  300  grams  bread  (soda-crackers),  2,040  grams  milk,  and  40 
grams  butter.    The  principal  results  are  given  on  page  1163. 

1  U.  S.  D«pt.  of  Agr.,  Office  of  Bzperitnent  Stations,  Bull.  lai.  "  Bxperiments  upon  the 
Metabolism  of  Nitrogen,  Sulphur  and  Phosphorus  in  the  Human  Organism. ' 
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Sleep 

Amount 

Nitrogen 

p,o» 

Uric  add 

(about). 

of  urine. 

in  urine. 

in  urine. 

in  urine.i 

Day». 

Hours. 

Grams. 

Grams. 

Grams. 

Gram. 

I 

817 

15.38 

2.98 

.... 

2 

902 

13.89 

3.07 



3 

993 

14.28 

3.21 

0.37 

4 

838 

13.68 

3.23 

0.32 

5 

»^ 

852 

13.96 

2.94 

0.36 

6 

782 

14.04 

3.07 

0.34 

7 

851 

15.63 

3.28 

0.34 

8 

7)i 

966 

15.06 

3.80 

0.30 

9 

7H 

ii6o 

15.65 

3.46 

0.31 

10 

978 

13.67 

3.07 

0.34 

II 

952 

13.51 

2.89 

0.32 

12 

lOOI 

13.82 

3.21 

0.30 

From  this  it  would  appear  that  the  loss  of  sleep  had  little,  if 
any,  influence  upon  the  elimination  of  uric  acid. 

INFLUENCE  OF  DIET  AND  MUSCULAR  WORK. 

While  there  is  no  question  that  the  different  nitrogenous  bodies 
of  the  food  differ  greatly  in  their  effect  upon  uric  acid  formation 
and  that  very  little  uric  acid  is  formed  on  a  diet  of  such  foods  as 
bread,  milk,  butter  and  eggs,  it  is  still  uncertain  whether  the  uric 
acid  output  is  entirely  independent  of  the  quantity  of  such  foods 
consumed.  The  results  of  two  series  of  observations  upon  sub- 
ject '*S,''  bearing  upon  this  point,  may  be  summarized  as  follows : 

INPLUBNCB  OF  VARYING  AMOUNTS  OP  BRBAD  AND  MiLK. 


Days. 

I 

Amount 
of  nrine. 
Grams. 

661 

Nitrogen 
in  urine. 
Grams. 

11.65 

p,o, 

in  urine. 
Grams. 

1.92 

Uricsd 
in  urin< 
Gram. 

042' 

d 

Food  per  day. 

3 

3 

4 

605 
630 
566 

II.I2 
11.66 

2.02 
2.27 
2-33 

0.35 
0.37 
0.38 

Bread  (**soda*crackers*'),  150 
grams;  milk,  1500 grams. 

5 
6 

7 

555 

687 
874 

".75 
14.83 
15.81 

2.29 

2.73 
3.28 

0.38  J 
0.44 1 
0.41  i 

Bread  (•'soda-crackers"),  300 
grams ;  milk.  3000  grams. 

I 
a 
3 
4 

609 

711 

670 

10.19 
10.92 
10.17 

2.15 
2.43 
2.34 

0  32    Bread  ( *  *soda-crackers'  * ) ,  405 
}■     grams;  milk,  1000  grams; 
^'^'        butter,  60  grams. 
0.33  J 

5 
6 

7 

2180 
2130 
1859 

15.12 
16.07 
16.98 

3.39 
3.94 
4.10 

0.33 
0.34 
0.34 

1  Bread  ( *  'soda-crackers* ' ) ,  1 20 
grams ;  milk,  3060  grams. 

1  The  figures  for  uric  add  given  in  this  snd  the  following  table  were  determined  by 
FoUn*s  modification  of  the  Hopkins  method. 
>  Sample  lost. 
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In  the  first  series,  where  the  change  consisted  in  doubling  the 
amounts  of  bread  and  milk  consumed,  the  relative  proportions 
remaining  the  same,  there  appears  to  be  a  slight  increase  in  the 
uric  acid  elimination.  In  the  second  series,  where  the  diet  was 
changed  by  omitting  the  butter,  reducing  the  bread  and  greatly 
increasing  the  milk  consumed,  thus  giving  a  large  increase  in 
the  protein  of  the  diet  with  but  little  change  in  the  fuel  value,  the 
amount  of  uric  acid  eliminated  remained  practically  unchanged. 

The  fact  that  the  slight  increase  found  in  the  first  series  does 
not  appear  in  the  second,  may  be  taken  as  an  indication  either 
that  the  increase  was  due  to  the  superabundance  of  the  diet  as  a 
whole,  rather  than  to  the  increased  consumption  of  protein  alone, 
or  that  the  purin  bodies,  while  occurring  only  in  very  small  quan- 
tities in  either,  were  relatively  more  abundant  in  the  bread  than 
in  the  milk.  The  latter  seems  probable,  inasmuch  as  the  quality 
of  flour  used  in  making  **soda-crackers''  might  easily  contain 
some  of  the  germ  of  the  wheat.  In  either  case  it  would  appear 
that  even  a  diet  of  btead  and  milk  introduces  a  certain  amount  of 
"exogenous"  purin  bodies,  though  this  amount  is  doubtless  quite 
small. 

The  large  quantities  of  uric  acid  eliminated  by  the  professional 
bicycle  racers  may,  therefore,  to  some  extent,  be  attributed  to  the 
mere  abundance  of  the  diet.  To  a  much  greater  extent,  however, 
it  is  doubtless  due  to  the  quantities  of  meat  extract  consumed. 
During  a  two  days'  experiment,  the  attempt  was  made  by  subject 
"S"  to  consume  such  quantities  of  meat,  meat  extract  and  fruit 
(together  with  bread  and  milk)  as  would  be  comparable  with 
those  found  in  the  dietaries  of  two  of  the  racers.*  The  food  con- 
sumed by  "S"  during  the  two  days  was  about  as  follows:  Meat, 
400  grams;  meat  extract,  100  grams;  milk,  2000  grams;  bread, 
350  grams ;  fruit,  800  grams.  Except  as  regards  the  quantities 
of  cereal  and  milk  products,  this  dietary  is  not  greatly  different 
from  the  average  for  subjects  "M"  and  "P"  during  the  first  two 
days  of  the  bicycle  race,  including  the  meat  consumed  by  these 
subjects  just  before  the  beginning  of  the  observations. 

The  principal  source  of  purin  bodies  was,  of  course,  the  meat 
extract,  a  concentrated  commercial  preparation  called  "Vigoral." 

'  On  account  of  the  great  variety  of  foods  consumed  by  subject  "A"  and  the  fact  thmt 
he  took  cocoa  wine  and,  during  the  last  days,  small  quantities  of  strychnine,  no  direct 
comparison  with  this  subject  was  attempted. 
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"M"  and  "P"  consumed  respectively  127  and  85  grams  (average 
106  grams),  while  "S"  consuijied  100  grams  of  the  same  prepara- 
tion. "S"  eliminated,  during  the  two  days,  1.66  grams  of  uric 
add,  or  0.83  gram  per  day ;  "M"  and  "P"  together  3.53  grams, 
or  an  average  of  0.88  gram  per  day.  This  difference  is  hardly 
greater  than  would  be  expected  from  the  large  quantities  of 
cereals  and  milk  consumed  by  the  latter  subjects.  Hence,  in  so 
far  as  this  method  of  comparison  is  applicable,  it  would  indicate 
that,  at  least  during  the  early  days  of  the  race,  the  uric  acid 
elimination  of  these  athletes  was  only  such  as  would  naturally  re- 
sult from  the  food  consumed  and  was  not  appreciably  increased 
by  the  muscular  work  performed. 

In  another  experiment,  "S,"  who  at  this  time  was  living  upon  a 
diet  of  cereals  and  milk,  and  had  taken  but  little  exercise  for 
three  or  four  weeks,  walked  two  and  one-half  hours  over  country 
roads  at  the  rate  of  four  and  one-half  miles  per  hour  and  during 
the  following  two  and  one-half  hours  practiced,  at  intervals,  an 
exercise  consisting  in  raising  and  lowering  the  body  by  means  of 
the  arms.  Nearly  all  of  the  muscles  were  thus  exercised,  and 
while  the  work  performed  was  not  large  in  actual  amount,  the 
exertion  was  sufficient  to  keep  the  pulse  rate  at  100  to  125  for 
about  five  hours  and  to  cause  a  feeling  of  fatigue  during  the  re- 
mainder of  the  day.  The  exercise  was  followed  by  an  increase 
in  the  uric  acid  output  of  about  0.15  gram  during  the  day  of  ex- 
ercise and  the  day  following.  This  result  is  in  harmony  with 
that  Inched  by  Dunlop,  Paton,  et  al.,^  who  found  an  increased 
elimination  of  uric  acid  after  muscular  exercise  when  the  subject 
was  in  poor,  but  not  when  it  was  in  good,  training. 

SUMMARY. 

Without  attempting  a  full  discussion  of  the  data  here  given, 
which  would  involve  a  review  of  the  recent  extensive  investiga- 
tions already  mentioned,  the  principal  points  of  interest  may  be 
summarized  as  follows : 

Both  with  professional  athletes  and  with  the  subject  of  seden- 
tary habits,  the  elimination  of  uric  acid  was  primarily  dependent 
upon  the  food  consumed. 

While  very  small  changes,  apparently,  resulted  from  large 
variations  in  the  amount  of  a  bread-and-milk  diet,  the  elimination 
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of  uric  acid  was  mainly  determined  by  the  quantities  of  meat 
products  consumed. 

In  the  case  of  well-trained  professional  athletes,  very  severe 
and  prolonged  muscular  exertion  had  little  influence  upon  the 
formation  and  elimination  of  uric  acid,  except  indirectly,  by  in- 
ducing an  appetite  for  stimulating  foods  such  as  meat  extracts. 

Marked  loss  of  sleep  had  no  apparent  influence  upon  the  amount 
of  uric  acid  eliminated. 

The  writer  desires  to  express  his  indebtedness  to  Professor  W. 
O.  Atwater,  of  Wesleyan  University,  in  whose  laboratory  a  large 
part  of  the  work,  here  described,  was  performed. 

New  York  City, 
September,  1903. 
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THE  CHEMICAL  COMPOSITION  OF  DIFFERENT  PARTS  OF 
THE  CORN'  KERNEL.' 

By  C.  G.  Hopkins,  L.  H.  Smitb.  and  B.  U.  East. 

Received  September  <«  1909. 

The  possibility  of  selecting  seed  com  for  improved  chemical 
composition  by  a  simple  mechanical  examination  of  sections  of 
kernels  has  been  clearly  established  by  experiments  previously  re- 
ported ;*  and  the  practical  value  of  this  method  of  selecting  seed 
com  for  high  protein,  high  oil,  and  other  desirable  qualities,  has 
been  fully  confirmed  by  subsequent  investigations.* 

A  considerable  amount  of  additional  data  relating  to  this  matter 
has  been  accumulating  with  the  progress  of  our  experiments  in 
com-breeding,  and  because  of  the  very  great  importance  of  this 
subject  to  agriculture,  and  also  because  of  the  marked  interest 
which  is  manifested  both  by  progressive,  practical  agriculturists 
and  by  scientific  investigators,  it  has  seemed  advisable  to  publish, 
in  somewhat  greater  detail,  the  results  of  our  investigations  along 
this  line. 

1  **Com"  is,  of  course,  used  with  the  American  meaning  of  Indian  com  or  maiae. 
sprom  advance  sheets  of  Bulletin  No. '87  of  the  University  of  Illinois  Afcricnltvnd 
BKperiment  Station. 

•  This  Journal  ai,  1059  (1899);  Vn\y.  of  111.  Agr.  Bzpt.  SUtion  Bulletin  §5  (1899). 

*  Uniy.  of  ni.  Agr.  Bxpt.  SUtion  Bulletin  8a  (190a);  U.  S.  Dept.  of  Agr.,  OAce  of  Bxpt. 
Stations,  BuUelin  133,91  (1903);  West  Indian  Bulletin  4, 9  (1903)* 


Plate  L — Low-protem  corn  kernel  froni  ilrawiiig  (j^mall  kcmeU  from  photograph 


Plate  II. — High-proteiii  corn  kernel  from  drawing  (small  kernels  from  photograph). 
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PARTS  OP  THE  CORN  KERNEL. 

There  are  six  distinctly  different  parts  in  a  kernel  of  corn,  as 
will  be  readily  seen  by  the  reference  to  Plates^  I  and  II. 

(/)  Tip  Cap, — This  is  a  small  cap,  covering  the  tip  end  of  the 
kernel,  and  serves  as  a  protection  to  the  end  of  the  germ.  It  con- 
sists of  material  somewhat  resembling  the  cob,  and  occasionally, 
in  shelling  com,  the  tip  cap  remains  attached  to  the  cob,  leaving 
the  tip  end  of  the  germ  uncovered,  but  nearly  always  it  remains 
on  the  kernel. 

(y)  Hull. — This  is  the  very  thin  outer  covering  of  the  kemeL 
It  consists  largely  of  carbohydrates,  especially  fiber  or  cellulose,, 
although  it  also  contains  a  small  percentage  of  other  constituents. 

(j)  Horny  Glutinous  Part. — This  part  is  the  aleurone  layer 
which  lies  immediately  underneath  the  hull.  It  constitutes  a  sec- 
ond covering  of  the  kernel,  usually  much  thicker  than  the  hull. 
For  short,  it  is  called  horny  gluten,  although  it  is,  of  course,  not 
pure  gluten.  However,  it  is  the  richest  in  protein  of  any  part  of 
the  corn  kernel,  as  has  been  stated  in  bulletins  published  by  this 
station  and  previously  by  Dr.  Voorhees,  director  of  the  New 
Jersey  Experiment  Station. 

{4)  Horny  Starchy  Part. — This  part  lies  next  to  the  horny 
gluten,  on  the  back  and  sides  of  the  kernel.  For  short,  it  is  called 
horny  starch,  although  it  is  not  pure  starch,  as  it  contains  con- 
siderable amounts  of  other  constituents,  especially  of  protein.  In 
an  examination  of  the  kernel  with  the  unaided  eye,  the  homy 
glutinous  part  and  the  horny  starchy  part  are  not  readily  distin- 
guished from  each  other,  the  line  between  them  being  somewhat 
indefinite  and  indistinct.  Considered  both  together,  these  two  parts 
constitute  the  horny  part  of  the  kernel. 

(5)  IVhite  Starchy  Part — This  part  occupies  the  crown  end 
of  the  kemel  above  the  germ  and  it  also  nearly  surrounds  the 
germ  toward  the  tip  end  of  the  kernel.  For  convenience,  this 
material  is  called  white  starch,  although  it  is  not  pure  starch.  In 
some  kernels  the  horny  starch  extends  nearly  or  quite  to  the  germ 
(near  the  middle  of  the  kernel)  and  thus  separates  more  or  less 
completely  the  white  starch  into  two  parts  which  we  call  croTvn 
starch  and  tip  starch, 

>  It  should  be  understood  that  these  drawings  are  intended  to  show  merely  the  loca- 
tion and  relative  amounts  of  the  various  i>arts  of  the  kemel.  not  the  exact  cell  structure. 
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(6)  Germ. — The  germ  occupies  the  center  of  the  front  of  the 
kernel  toward  the  tip  end  and  usually  extends  about  one-half  or 
two-thirds  of  the  length  of  the  kernel.  Within  the  body  of  the 
germ  are  the  embryc  stem  pointing  upward  toward  the  crown 
end  and  the  embryo  nDOt  pointing  downward  toward  the  tip  of 
the  kernel,  both  of  which  are,  of  course,  parts  of  the  germ.  These 
embryo  parts  within  the  germ  may  be  easily  seen  by  any  one  who 
will  carefully  shave  off  the  front  side  of  the  germ  from  a  kernel 
of  com  (see  small  photographic  reproduction  of  sections  of  kernels 
of  high-  and  low-protein  com  in  Plates  I  and  II). 

MECHANICAL  SEPARATION  OF  THE  DIFFERENT  PARTS. 

It  is  not  a  difficult  matter  to  obtain  very  pure  samples  of  each 
of  the  above-named  parts  of  the  com  kernel,  although  in  making 
the  separations  there  is,  of  necessity,  some  waste  material  consist- 
ing of  a  mixture  of  three  different  parts ;  namely,  homy  gluten, 
homy  starch,  and  white  starch. 

By  the  use  of  a  small,  sharp  knife,  any  one  can  make  the  follow- 
ing separations:  (i)  Tip  cap;  (2)  hull;  (3)  homy  gluten;  (4) 
homy  starch;*  (5a)  crown  starch;  (5&)  tip  starch;  (6)  germ; 
(7)  waste  (mixed  material).  In  making  these  separations  the 
kemels  are  first  soaked  in  hot  water  for  fifteen  or  twenty  minutes. 

The  tip  cap  is  then  very  easily  and  perfectly  separated  by  simply 
cutting  under  one  edge  and  then  pulling  it  off.  The  hull  is  sepa- 
rated without  difficulty  by  peeling  it  off  in  strips.  It  is  only 
necessary  to  use  the  knife  to  start  the  peeling  at  the  tip  end 
where  the  hull  has  been  broken  by  removing  the  tip  cap.  With 
some  care  the  hull  can  be  completely  peeled  out  of  the  dent  in  the 
com.  The  aleurone  layer  is  more  easily  distinguished  after  the 
hull  is  removed.  It  covers  the  entire  kemel,  excepting  the  germ.* 
The  aleurone  layer  is  removed  by  carefully  shaving  it  off  with  a 
sharp  knife.  Adhering  particles  of  starch  can  be  more  easily 
separated  from  this  homy  gluten  after  the  shavings  have  been 
allowed  to  dry  for  seme  time.  In  scraping  off  these  particles  of 
homy  starch  or  white  starch  adhering  to  the  shavings,  more  or 
less  homy  gluten  will  also  be  scraped  off,  so  that,  while  we  are 
thus  able  to  obtain  a  pure,  clean  sample  of  the  aleurone  layer,  we 

1  Am  UMd  in  thia  article  the  term  *'  starch*'  ia  Employed  in  a  technical  or  commercial 
•enae,  and  not  aa  the  name  of  a  definite  chemical  compound. 

>  Thia  layer  doea  not  occur  between  the  germ  and  the  tip  cap  aa  indicated  in  the  dmw- 
inga. 
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also  obtain  some  waste  material,  consisting  of  particles  of  homy 
gluten,  horny  starch,  and  white  starch. 

The  germ  is  next  removed,  and  with  care  this  can  be  done  very 
perfectly.  If  any  particles  of  starch  adhere  to  the  germ  they  can 
easily  be  completely  removed.  After  the  tip  cap,  hull,  aleurone 
layer,  and  germ  have  been  removed,  the  remainder  of  the  kernel^ 
consisting  of  the  homy  starch  and  white  starch  only,  is  allowed 
to  dry,  and  the  kemel  is  broken  in  two  lengthwise. 

The  crown  starch  is  dug  out  with  the  knife  as  completely  as 
possible  without  taking  any  of  the  homy  starch.  The  tip  starch 
is  next  removed  in  the  same  manner  as  the  crown  stardi. '  The 
homy  starch  from  each  side  usually  remains  in  a  solid  piece. 
This  is  now  carefully  scraped  to  remove  all  adhering  particles  of 
white  starch  or  horny  gluten,  the  scrapings  being  carefully  saved 
and  added  to  the  waste  material. 

By  this  method  of  separation  we  obtain  eight  different  products, 
including  the  waste  material,  and  seven  of  these  products  are 
pure  samples  of  distinctly  different  parts  of  the  com  kemel,  ex- 
cepting the  crown  starch  and  tip  starch,  both  of  which,  of  course, 
belong  to  the  white  starch ;  they  are  kept  separate,  however,  be- 
cause they  are  found  in  different  places,  frequently  being  entirely 
separated  in  the  kerricl,  although  more  commonly  there  is  some 
white  starch  continuous  from  crown  to  tip. 

COMPOSITION  OF  THE  DIFFERENT  PARTS. 

Table  I  shows  the  percentage  of  these  eight  different  products, 
or  parts,  and  the  percentage  composition  of  each  part,  also  the 
percentage  composition  of  the  whole  corn,  for  each  of  three  differ- 
ent ears  of  corn.  Ear  No.  i  is  corn  of  comparatively  low^  protein 
content.  Ear  No.  2  has  about  the  usual  protein  content  of  ordi- 
nary com.  Ear  No.  3  is  high^  protein  com.  About  200  grams 
(nearly  one-half  pound)  of  kemels  from  each  ear  were  separated 
into  the  different  parts,  and  each  part  was  then  weighed  and 

>  It  should  be  understood  that  ear  No.  i  (9.38  per  cent,  protein)  and  ear  No.  3  (ia.85  per 
cent,  protein)  do  not  represent  extremes  in  protein  content ;  indeed,  in  our  breeding  of 
com  for  low  protein  we  have  produced  good  ears  containing  less  than  6.50  per  cent,  of 
protein,  and  in  our  high-protein  field  we  have  produced  com  containing  over  x6  per  cent, 
of  protein.  In  esrtremely  low-protein  com  the  percenUge  of  homy  part  is  very  much  less 
than  in  car  No.  1,  and  in  extremely  high  protein  corn  the  tip  white  starch  is  frequently 
almost  entirely  wanting  and  the  crown  white  sUrch  very  greaUy  reduced,  both  being  re- 
placed by  the  homy  part,  as  shown  in  the  drawings  and  also  in  the  actual  photographs  of 
sections  of  kernels  shown  beside  the  drawings  in  Plates  I  and  II. 
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analyzed  separately,  another  sample  of  the  corn  from  each  ear 
being  analyzed  to  give  the  composition  of  the  whole  corn.  (All 
results  are  given  on  the  water-free  basis.) 

Tabi«b  L— Pbbcbntagb  of  Dipfbrbnt  Parts  and  Pbbcbmtage  Composi- 
tion OP  Bach  Part. 
Ear  No.  i  (low  in  protein). 

Composition  of  p«rto. 

Percent.      Protein.         Oil.  Ash.       Carbobydratct. 

Names  of  paru.  of  whole.    Percent.    Percent.   Percent.       Percent 

Tip  caps I.20  7.36  1.16  0.91  90.S7 

Hulls 5.47  4.97  0.92  0.82  93.29 

Horny  glaten 7.75  19.21  4.00  0.92  75.87 

Homy  starch 29.58  8.12  o.x6  0.18  91.54 

Crown  starch 16.94  7.22  0.19  0.32  92.27 

Tip  starch 10.03  6.10  0.29  0.29  93.31 

Germs 9.59  19.91  36.54  ro.48  33.07 

Mixed  waste 18.53         9-90  i  .06  0.61  88.43 

Whole  corn 9.28  4.20  1.41  85.11 

Bar  No.  2  (medium  in  protein). 

Tip  caps 1.46  8.83  2.30  I.I  I  87.76 

Hulls 5.93  3.96  0.89  0.79  94.36 

Homy  gluten 5.12  22.50  6.99  1.72  69.09 

Homy  starch 32.80  10.20  0.24  0.24  89.32 

Crown  starch 11.85         7.92  0.17  0.24  91.67 

Tip  starch 5.91          7.68  0.39  0.31  91.62 

Germs 11.53  19.80  34.84  9.90  35.46 

Mixed  waste 25.40  11. 10  1.23  0.57  87.10 

Whole  com 10.95  4.33  1.55  83.17 

Bar  No.  3  (high  in  protein). 

Tip  caps    1.62         4.64  1.99  1.87  91.50 

Hulls 6.09  3.84  0.76  1. 10  94*30 

Homy  gluten 9.86  24.58  4.61  1.74  69.07 

Homy  starch 33-79  10.99  0.22  0.21  88.58 

Crown  starch 10.45          8*^1  0.52  0.37  90.50 

Tip  starch 6.23         7.29  1.36  0.60  90.75 

Germs 11.93  19.56  33.71  10.00  36.73 

Mixed  waste 20.03  12.53  I*i5  0.61  85.71 

Wholecom.. 12.85  5.36  1.67  80.12 

A  careful  study  of  Table  I  reveals  some  very  interesting  and 
useful  facts  regarding  the  structure  of  the  com  kernel  and  the 
composition  of  the  different  parts.  It  is  exceedingly  useful  to  be 
able,  by  a  mechanical  examination  of  corn,  not  only  to  pick  out 
high-protein  com  or  high-oil  com  as  one  may  desire,  but  even 
to  separate  the  several  distinctly  different  parts  from  pne  another 
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by  purely  mechanical  means — to  separate,  for  example,  the 
aleurone  layer,  containing  (in  the  high-protein  ear)  nearly  25  per 
cent,  of  protein,  and  then  the  white  starchy  parts,  with  only  7  or 
8  per  cent,  of  protein ;  or  the  germs  containing  about  35  per  cent, 
of  oil  and  10  per  cent,  of  ash,  and  then  the  homy  starchy  part 
containing  less  than  0^25  per  cent,  of  either  oil  or  ash. 

The  hulls  contain  about  4  per  cent,  of  protein  and  are  clearly 
the  poorest  in  protein  of  any  part  of  the  kernel,  the  next  poorest 
being  the  tip  caps  and  white  starchy  parts,  containing  about  7 
or  8  per  cent.,  the  tip  starch  being  slightly  poorer  than  the  crown 
starch.  The  homy  starch  is  richer  in  protein  than  the  white  starch, 
especially  in  the  medium  and  high  protein  corn  where  the  differ- 
ence amounts  to  more  than  2  per  cent.,  the  homy  starchy  part 
containing  from  10  to  11  per  cent,  of  protein.  The  protein  con- 
tent of  the  germs  is  very  uniform  in  the  different  ears,  although 
the  poorest  germs  are  found  in  the  high-protein  com,  and  the 
richest  in  the  low-protein  com,  the  variation  being  from  19.56  to 
19.91  per  cent.  The  aleurone  layer  is  the  richest  in  protein  of 
any  part  of  the  kernel  in  both  ordinary  and  high-protein  com,  as 
was  pointed  out  several  years  ago  by  Dr.  Voorhees,*  director  of 
the  New  Jersey  Experiment  Station,  and  as  we  have  quoted  in 
previous  publications  of  the  Illinois  Experiment  Station.  In  the 
high-protein  com  the  protein  content  of  the  aleurone  layer 
amounts  to  24.58  per  cent.  In  the  low-protein  com  it  is  slightly 
less  than  that  of  the  germ. 

It  is  plainly  seen  that  the  oil  in  corn  is  very  largely  in  the  germ, 
although  the  aleurone  layer  also  contains  a  considerable  percent- 
age, the  germ  containing  about  35  per  cent,  of  oil  and  the 
aleurone  layer  about  5  per  cent.  Both  the  horny  starch  and  the 
white  starch  are  exceedingly  poor  in  oil,  averaging  about  0.25  per 
cent.,  if  we  disregard  the  tip  starch  in  ear  No.  3,  which  appears 
to  have  absorbed  some  oil  directly  from  the  germ  which  it  adjoins 
and  partially  surrounds.  The  hulls  contain  slightly  less  than  i 
per  cent,  of  oil  and  the  tip  caps  slightly  more  than  i  per  cent.,  and 
it  is  quite  possible  that  this  oil  may  have  been  obtained,  in  part  at 
least,  by  absorption  from  the  aleurone  layer  and  germ.  Indeed, 
It  seems  highly  probable  that  practically  all  of  the  true  oil  in  the 
com  kemel  is  originally  deposited  in  the  germ  and  aleurone  layer, 

s  New  Jersey  Agricultural  Experiment  Station  Bulletin  103  (1894). 
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and  that  the  small  percentage  or  mere  trace,  which  is  found  in 
the  other  parts,  is  largely  obtained  t^  absorption.  That  such 
absorption  actually  does  occur  is  definitely  proved  by  the  fact  that 
the  percentage  of  oil  in  hominy  and  hominy  products  increases 
with  the  age  of  the  com  used  in  the  milling.  (Hominy  consists 
largely  of  the  homy  starch  with  more  or  less  adhering  white 
starch.) 

It  may  be  of  interest  to  state  in  this  connection  that  in  1866 
Haberlandt^  discovered,  with  the  microscope,  that  the  germ  of  the 
com  kernel  contains  a  large  amount  of  oil.  He  observed  no  oil 
in  the  remaining  portions  of  the  kernel.  By  chemical  analysis, 
Lenz^  found,  however,  that  after  the  germs  were  removed  the 
remaining  portion  of  the  kemd  contained  1.57  per  cent,  of  oil. 
These  results  were  fully  confirmed  by  Dr.  Atwater,*  who  found 
1.63  per  cent,  of  oil  in  the  corn  after  removing  the  germs  and 
adjoining  material,  although  neither  Lenz  nor  Atwater  appear  to 
have  ascertained  that  the  homy  gluten  (th^  aleurone  layer)  con- 
tains the  chief  percentage  of  oil  outside  of  the  germ. 

By  further  reference  to  Table  I,  it  will  be  observed  (i)  that 
the  germ  contains  about  10  per  cent,  of  ash  or  mineral  matter; 
(2)  that  this  is  about  ten  times  the  average  percentage  of  ash 
contained  in  the  other  parts;  and  (3)  that  th^  percentage  of  ash 
in  the  different  parts  varies  with  fhe  percentage  of  oil,  to  quite  a 
noticeable  degree.  Of  course,  the  percentage  of  carbohydrates 
(starch,  cellt^e,  pentosans,  etc.)  varies  inversely  as  the  sum  of 
the  other  coirotuents,  being  about  35  per  cent,  in  th«  germ,  70 
per  cent,  in  the  homy  gluten,  and  from  90  to  95  per  cent,  in  the 
other  principal  parts. 

The  marked  degree  of  uniformity  in  the  entire  percentage  com- 
position of  the  germs  from  each  of  these  three  ears,  whether  low- 
protein,  medium-protein,  or  high-protein,  seems  especially  note- 
worthy. >  The  percentage  of  protein  varies  only  from  19.56  to 
19.91 ;  the  oil  from  33.71  to  36.54;  the  ash  from  9.90  to  1048; 
and  the  carbohydrates  from  33.07  to  36.73. .  It  will  also  be  noted 
that  the  percentages  of  both  protein  and  oil  are  lower  in  the  germs 
from  high-protein  com  than  in  those  from  the  low-protein  com, 
although  the  differences  are  not  marked. 

1  AUremHtu  land-  wmd  fontwirUekafaichi  Zeitung^  1866,  p.  9S7  *.  Jchraberukt  (Baff- 
nuinn)  Uber  dU  AgricuUnr-Ckemu^  9,  ro6  (1866). 

*  Thcda,  Yale  College  (1869};  Am.  J.  Set,  and  Arts  (a).  48,  35^  (1869). 
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MATHEMATICAL  DISTRIBUTION  OF  WASTE. 

It  will  be  bome  in  mind  that  in  making  the  mechanical  separa- 
tions, in  order  to  obtain  each  of  the  seven  different  parts  in  pure 
condition,  unmixed  with  any  other  part,  there  was  necessarily 
some  waste  product.  This  waste  substance  amounted  to  about 
20  per  cent,  of  the  whole.  As  has  already  been  explained,  this 
mixed  waste  material  consists  of  only  three  distinctly  different 
parts — ^horny  gluten,  horny  starch,  and  white  starch  (from  crown 
and  tip),  the  other  three  parts — ^tip  caps,  hulls,  and  germs — ^being 
easily  separated  completely  and  in  pure  form. 

By  a  simple  computation  the  mixed  waste  material  can  be  dis- 
tributed among  the  respective  parts  of  which  it  is  composed,  pro- 
vided we  may  be  allowed  to  make  the  assumption  (which  is  ap- 
proximately the  truth)  that  the  homy  starch  and  white  starch 
are  present  in  the  waste  material  in  the  same  proportions  as  they 
are  in  the  pure  separated  portions.  Any  error  which  might  be 
introduced  by  following  this  assumption  would  have  but  little 
effect  because  the  composition  of  tiie  homy  starch  and  white 
starch  are  not  very  markedly  different  (the  protein  differs  by  2 
to  3  per  cent.)  ;  and  also  because  the  total  amount  of  waste  material 
to  be  distributed  is  only  from  one-third  to  one-half  the  sum  of  the 
separated  homy  starch  and  white  starch. 

It  will  be  observed  (see  Table  I)  that  the  mixed  waste  is  always 
richer  in  protein  than  the  homy  starch,  thus  showing  that,  be- 
sides homy  starch  and  white  starch,  it  also  contains  more  or  less 
homy  gluten,  which,  of  course,  we  know  to  be  the  fact. 

If  in  100  grams  of  corn  we  let  x  equal  the  number  of  grams 
of  tip  starch,  Bjt.  the  number  of  grams  of  crown  starch,  Cr  the 
number  of  grams  of  homy  starch,  y  the  number  of  grams  of 
homy  gluten,  and  S  the  sum  of  these  four  parts,  then 

Ar+B;r+Cjr  +  y  =  S.  (i) 

Now  if  we  let  a  equal  the  per  cent,  of  protein  in  the  tip  starch, 
h  the  per  cent,  of  protein  in  the  crown  starch,  c  the  per  cent,  of 
protein  in  the  homy  starch,  d  the  per  cent,  of  protein  in  the  homy 
gluten,  and  s  the  number  of  grams  of  protein  in  all  of  these  four 
parts,  then 

ax  -f  h^x  +  cCv  +  rfy  =  j.  (2) 

Thus  we  have  two  equations  with  which  to  solve  for  x  and  y, 
which  are  the  only  unknown  quantities,  B  and  C  being  factors 
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which  can  be  obtained  by  dividing  the  per  cent,  of  separated  crown 
starch  and  homy  staich»  respectively,  by  diat  of  tip  starch,  and  S 
being  the  sum  of  the  separated  tip  starch,  crown  starch,  homv 
starch,  homy  gluten  aiid  mixed  waste,  as  given  in  Table  I,  and 
a,  b,  c,  <<. being  the  respective  percentages  of  protein  in  the  four 
separated  materials,  tip  starch,  crown  starch,  homy  starch,  and 
homy  gluten,  and  s  being  the  total  number  of  grams  of  protein 
contained  m  these  four  separated  parts  and  in  the  mixed  waste, 
all  of  which  data  are  also  given  in  Table  I. 

PHYSICAL  COMPOSITION  OF  THE  CORN  KBRNBL. 

From  the  above  computations  we  obtain  the  results  given  in 
Table  II,  which  gives  the  total  percentages  of  each  of  the  seven 
different  parts  contained  in  the  com  kemel  (counting  crown 
starch  and  tip  starch  as  two  parts),  and* with  no  waste  material. 

Tabls  II.— Total  Pbrcbntagbs  opthb  Dippbrbnt  Parts  op  thb  Corn 

Kbrnbl. 

Bar  No.  I         Bar  No.  a        Bar  No.  3 
(low-  (meditun-  (high- 

Name  of  parts,  proftein).  protdn).  protein). 

Tipcaps ^ •••     1.20  1.46  1.62 

Hulls 5.47  5.63  6.09 

Horny  gluten ii.6r  8.51  13.32 

Horny  starch 37.15  47.08  44.89 

Crown  starch 21.26  17.01  13.88 

Tip  starch 13.71  8.48  6.28 

Germs 9.59  11.53  i"-93 

Total 99-99  100.00  100.01 

It  will  be  observed  that  the  percentages  of  homy  gluten,  homy 
starch,  and  germs  are  noticeably  higher  in  the  high-protein  com 
than  in  the  low-protein  com,  while  the  opposite  is  true  with  the 
white  starch,  the  percentages  of  crown  starch  and  tip  starch 
being  markedly  higher  in  the  low-protein  com  than  they  are  in 
the  high-protein  corn.  It  is  noteworthy  that  the  homy  gluten 
in  high-protein  com  not  only  contains  a  higher  percentage  of 
protein  than  the  germs,  but  that  the  proportion  of  homy  gluten 
in  the  kemel  equals  or  exceeds  that  of  the  germs.  The  only  dis- 
crepancies appearing  in  Table  II  are  the  low  percentage  of  homy 
gluten  and  the  high  percentage  of  homy  starch  in  ear  No.  2. 
Otherwise  the  percentages  of  parts  in  the  medium-protein  ear 
are  always  intermediate  between  those  in  the  other  two  ears,  as 
would  be  expected.    Even  these  discrepancies  disappear  if  the  two 
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homy  parts  be  added  together  and  considered  as  one  part,  as  is 
done  in  the  practical  work  of  selecting  seed  com  for  higher 
protein  content  by  mechanical  examination,  as  will  be  seen  by  re- 
ferring to  Table  III. 

Tabuc  III.— Psrcbntagbs  op  thb  Dippbrbnt  Parts  op  thb   Corn 

Kbrnbz,  as  Commonly  Obsbrvbd  in  Mbchanical  Examination 

POR  Sbbd  Corn  Sblection. 

Bar  No.  x       Ear  No.  2       Bar  No.  3 

(low-  (mediam-       •(higta«  Average. 

Name  of  parti.  protein).        protein).        protein).        Percent. 

Tipcaps 1.20  1.46  1.62  1.43 

Hull* 5.47  5  93  6.09  5.83 

Homy  part 48.76  55.59  58.21  54.19 

White  starch 34-97  25.49  22.16  27.54 

Germa 9.59  11.53  11.93  ii.oa 

Total 99*99  100.00  100.01  100.00 

In  this  table  the  crown  starch  and  tip  starch  are  also  added 
together  and  the  sum  recorded  as  white  starch.  The  increase  in 
the  amount  of  horny  part  (from  48.76  to  58.21  per  cent.)  and 
the  decrease  in  white  starch  (from  34.96  to  22.16  per  cent.)  as 
we  pass  from  the  low-protein  to  the  high-protein  corn,  is  plainly 
apparent. 

niSTRIBUTION  OF  CHEMICAL  CONSTITUENTS. 

Table  IV  shows  the  location  or  complete  distribution  of  the 
chemical  constituents  among  the  seven  different  physical  parts  of 
the  com  kernel.  In  other  words,  this  table  represents  the  separa- 
tion of  100  grams  (or  100  pounds)  of  com  into  seven  different 
structural  or  physical  parts,  and  the  subsequent  division  of  each 
of  these  parts  into  four  chemical  constituents,  protein,  oil,  ash, 
and  carbohydrates. 

Table  IV. — Physical  and  Chemical  Distribution  of  100  Grams  (or 
100  Pounds)  of  Corn. 

Kar  No.  i  (low  in  protein). 

Chemical  distribution. 
Phrsical      <  ■       ■ 

distribution      Protein  Oil  Ash         Carbohydrates 

(grams  or     (grams  or     (grams  or     (grams  or      (grams  or 
Names  of  parts.  pounds).       pounds).       pounds).       pounds).        pounds). 

Tip  caps 1.20  0.09  b.oi  o.oi  1.09 

Halls 5-47  o-27  0.05  0.04  .5.10 

Homygluten 11.61  2.23  0.46  o.ii  8.81 

Homy  starch 37. 1 5  3  o^  o-o6  0.07  34.01 

Crown  starch 21.26  1.53  oo4  007  19.62 

Tip  starch 13.71  oM  0.04  0.04  12.79 

Germs - 959  ^-9^  3-5o  "or  3.17 

Total 99-99  9-8?  4.i6  1.35  84-59 

Whole  com 9-28  4.20  1.41  85.11 
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Ear  No.  2  (medium  in  protein). 

Chemical  oompositioii. 

Physical      , ■ . 

distribution      Protein  Oil  Ash        Carbohydmtes 

(fl^msor     (grams  or     (grams  or     (grams  or      (grams  or 
Names  of  parts.  pounds).       pounds).       pounds).       pounds).  pounds). 

Tip  caps 1.46  0.13  0.03  0.02  1.28 

Hulls 5.93  0.23  0.05  0.05  5.60 

Horny  gluten 8.51  j.89  0.59  0.15  5.88 

Horny  starch 47.08  4.80  o.  1 1  o.  1 1  42.05 

Crown  starch ;  1 7.01  i  .35  0.03  0.04  15.59 

Tip  starch 8.48  0.65  0.03  0.03  7.77 

Germs 11.53  2.28  4.02  1.14  4-09 

Total 100.00  11.33  4.86  1.54  82.26 

Whole  com 10.95  4.33  1.55  83.17 

Ear  No.  3  (high  in  protein). 

Tip  caps *.     1.62  0.08  0.03  0.03  1.48 

Hulls 6.09.  0.23  0.05  0.07  5.74 

Homy  gluten 13.32  3.27  0.61  0.23  9.20 

Homy  starch 44  89  4.93  o.io  0.09  39>76 

Crown  starch 13.88  i. 20  0.07  0.05  12.56 

Tip  starch 8.28  0.60  0.11  0.05  7.51 

Germs -.  11.93  2.33  402  1.19  4.38 

Total 100.01  12.64  4-99  '•7i  80.63 

Whole  corn 12.85  5-36  1.67  80.12 

The  agreement  between  the  sum  of  the  separate  determinations 
and  the  direct  determinations  of  the  same  (xwistituent  in  the  whole 
corn  is  very  satisfactory,  considering  that  these  results  are  ob- 
tained by  computation  from  the  analyses  of  nine  different  ma- 
terials, including  the  whole  corn.  The  greatest  difference  is  well 
within  the  limit  of  unavoidable  error  in  sampling  and  anal3rtical 
determinations.  A  careful  study  of  this  table  will  reveal  some 
interesting  and  valuable  facts.  For  example,  it  will  be  seen  that 
in  100  pounds  of  the  low-protein  com  the  horny  gluten  contains 
only  2.23  pounds  of  protein,  while  3.27  pounds  of  protein  are 
contained  in  the  homy  gluten  in  100  pounds  of  the  high-protein 
corn.  Again,  in  100  pounds  of  the  low-protein  com  the  homy 
starch  contains  only  3.02  pounds  of  protein,  while  4.93  pounds  of 
protein  are  contained  in  the  horny  starch  in  100  pounds  of  the 
high-protein  corn. 

On  the  other  hand,  in  100  pounds  of  the  low-protein  corn,  the 
crown  starch  and  tip  starch  contain  1.53  and  0.84  pounds  of  pro- 
tein, respectively,  while  1.20  and  0.60  are  the  respective  amounts 
contained  in  the  corresponding  parts  of  the  high-protein  com. 
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If  we  add  together  the  homy  parts  and  then  add  together  the 
crown  starch  and  tip  starch,  as  is  done  in  the  practical  selection 
of  seed  com  by  mechanical  examination,  we  obtain  the  results 
shown  in  Table  V. 

Tabids  V.— Pounds  of  Protbin  in  loo  Pounds  of  Corn. 

how.  Medium.  High- 

protein  protein  protein 

Name  of  parts.  corn.  com.  com. 

In  tip  caps 0.09  ai3  0.08 

In  hulls 0.37  0.23  0.23 

In  horny  part 5.25  6.69  8.20 

In  white  starch 2.37  2.00  1.80 

In  germs 1.91  2.28  2.33 

Total 9.89  11.33  12-64 

It  will  be  observed  that  the  increase  in  protein  in  high-protein 
com  over  that  in  low-protein  com  occurs  almost  entirely  in  the 
homy  part  of  the  corn  kernel.  There  is  also  a  slight  increase  in  pro* 
tein  in  the  germ,  although  this  is  quite  insignificant  as  compared 
with  the  increase  in  the  homy  part.  In  passing  from  low-protein 
com  to  high-protein  com,  there  is  an  appreciable  decrease  in  the 
amount  of  protein  contained  in  the  white  starch.  Of  course,  this  is 
due  to  the  marked  decrease  in  the  actual  amount  of  white  starch  in 
high-protein  com.  Indeed,  this  decrease  in  the  quantity  of  white 
starch  is  even  more  marked  than  would  appear  from  Table  V, 
because  the  white  starch  in  the  high-protein  corn  is  actually  richer 
in  protein  than  that  in  low-protein  com,  as  would  be  expected 
and  as  is  shown  in  Table  I. 

The  data  given  in  Table  V  strongly  confirm  the  results  which 
we  have  already  obtained  in  practical  experience  in  com-breeding. 
For  example,  we  have  been  breeding  both  high-protein  com  and 
low-protein  corn  for  the  past  seven  years.  In  the  high-protein 
com  we  find  that  the  proportion  of  horny  part  has  increased  very 
markedly,  while  the  white  starchy  part  has  markedly  decreased. 
In  the  low-protein  corn  the  opposite  is  tme,  the  homy  part  having 
decreased  and  the  white  starchy  part  having  markedly  increased, 
in  proportion. 

By  computation  from  the  data  given  in  Table  IV,  we  have  con- 
structed Table  VI,  which  shows  the  percentage  distribution  of 
the  different  chemical  constituents  among  the  several  physical 
parts  of  the  com  kemel. 
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Table  VI.— Percbntage  Distribution  of  Chemical  Constituents 

AMONG  Physical  Parts. 

Ear  No.  i  (low  in  protein). 

Per  cent. 
Percent.  Percent.  Percefat.  of  total 
of  total  of  total  oftoUl  carbo- 

Name  of  parts.  protein.  oil.  ash.  hvdratea. 

In  tip  caps 0.89  0.33  0.81  1.29 

In  hull 2.75  1. 21  3.34  6.03 

In  homy  gluten 22.56  11.13  7*9^  10.41 

In  horny  starch 30.51  r.43  4.98  40.22 

In  crown  starch 15.52  0.97  5.07  23.18 

In  tip  starch 8.46  0.95  2.96  15.12 

In  germs 19.31  83.99  74.87  3-75 

Total 100.00  loo.of  99-99  loaoo 

Bar  No.  2  (medium  in  protein). 

In  tip  caps 1.14  0.69  1.06  1.56 

In  hull 2.07  I  .oS  3.06  6.80 

In  horny  gluten 16.67  12.21  9.56  7.15 

In  horny  starch .'•  42.36  2.32  7.38  51.12 

In  crown  starch 11.88  0.59  2.67  8.96 

IntipsUrch   5.75  0.68  1.72  9.45 

In  germs 20.14  82.43  74.55  4.97 

Total 100.01  100.00          100.00  100.01 

Ear  No.  3  (high  in  protein). 

In  tip  caps 0.59  0.65  1.76  1.84 

In  hull 1.85  0.93  3.90  7.12 

In  homy  gluten 25.88  12.29  13.49  11.41 

In  homy  starch 39.00  i  .98  5.49  49.31 

In  crown  starch 9.45  1.44  2.99  15.58 

In  tip  starch 4.77  2 .25  2.89  ^.32 

In  germs 18.45  80.46  69.46  5.43 

Total 99.99  100.00  99.98  100.01 

It  will  be  seen  that  as  an  average  about  22  per  cent,  of  the 
total  protein  is  contained  in  the  homy  gluten,  nearly  40  per  cent, 
in  the  homy  starch,  and  nearly  20  per  cent,  in  the  germ;  thus 
these  three  parts  contain  about  80  per  cent,  of  the  total  protein  in 
the  kernel. 

The  germ  contains  from  80  to  84  per  cent,  of  the  oil,  while  all 
other  parts  combined  contain  only  15  to  20  per  cent,  of  the  total 
oil  in  the  kernel.  Based  upon  this  fact  is  the  method  for  select- 
ing high-oil  or  low-oil  .seed  com  by  mechanical  examination,  the 
ears  whose  kernels  show  a  large  proportion  of  germ  being  high- 
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oil  com  and  those  with  small  germs,  low-oil  com.  About  12 
per  cent,  of  the  total  oil  is  contained  in  the  aleurone  layer,  leav- 
ing only  about  5  per  cent,  of  the  oil  distributed  among  the  re- 
maining five  physical  parts,  and,  as  stated  above,  more  or  less  of 
this  small  amount  is  undoubtedly  absorbed  from  the  contiguous 
germ  or  aleurone  layer.  It  will  be  noted  that  the  ash  is  closely 
associated  with  the  oil,  nearly  75  per  cent,  of  the  total  ash  being 
contained  in  the  germ,  and  about  10  per  cent,  in  the  aleurone  layer 
as  an  average. 

Table  VII  shows,  for  direct  comparison,  the  percentage  dis- 
tribution of  the  protein  among  the  different  physical  parts,  in 
each  ear,  the  two  homy  parts,  and  also  the  two  white  starchy 
parts,  being  ccmibined  as  in  Table  V. 

Tabia  VII.— Distribution  of  100  Grams  (or  100  Pounds)  of  Protbin 

Among  thb  Physicax  Parts  as  Obsbrvbd  in 

Mechanical  Examination. 

I«ow-  Medium-  High- 

protein  protein  protein 

Names  of  parti.  corn.  com.  corn. 

In  tip  caps « 0.89  1.14  0.59 

InhuUs 2.75  2.07  1.85 

In  horny  part  f. 53.07  59.03  64JSS 

In  white  stanch '••• 23.98  17.63  14.22 

In  germs 19.31  20.14  18.45 

Total 100.00  100.01  99-99 

Table  VII  illustrates  very  plainly  the  fact  that,  as  we  pass  frcwn 
low-protein  com  to  high-protein  com,  the  protein  decreases  in 
the  white  starchy  part  and  increases  in  the  homy  part;  in  other 
words  in  breeding  corn  for  high  protein,  we  decrease  the  white 
starchy  part,  which  is  comparatively  poor  in  protein,  and  increase 
the  homy  part,  which  averages  very  much  richer  in  protein,  the 
homy  starch  containing  2  to  3  per  cent,  more  protein  than  the 
white  starch,  and  the  homy  gluten  (aleurone  layer)  being  richer 
in  protein  than  any  other  part  of  the  kemel.  As  a  mle,  in  breed- 
ing for  high  protein  there  is  also  a  slight  increase  in  the  propor- 
tion of  germ,  which,  being  rich  in  protein,  adds  somewhat  to  the 
increase  in  protein. 


CRITICAL  REVIEW  OF  THE  SECOND  SERIES  OF  ANALYSES 
OP  MATERIALS  FOR  THE  PORTLAND  CEHENT  IN- 
DUSTRY MADE  UNDER  THE  AUSPICES  OF  THE 
NEW  YORK  SECTION  OF  THE  SOCIETY 
OF  CHEillCAL  INDUSTRY. 

Bt  W.  p.  HlLLBBBAirP. 


The  efforts  of  a  committee  of  the  New  York  Section  of  the 
Society  of  Chemical  Industry,  headed  by  Mr.  Clifford  Richardson, 
to  improve  the  state  of  technical  analysis  in  this  country  are 
doubtless  known  to  many,  if  not  most  readers  of  this  Journal. 
The  subjects  thus  far  taken  up  have  been  Portland  cement  and 
copper  slag  analysis,  the  latter  initiated  by  Mr.  Thorn  Smith,  of 
Isabella,  Tennessee.  Carefully  prepared  samples  were  sent  to 
many  chemists  and  the  tabulated  results  of  analysis  were  handed 
over  to  me  for  examination  and  criticism.  A  report  on  each  sub- 
ject was  rendered.  The  first,  on  Portland  cement  and  raw  lime- 
stone mixture,  was  published  as  a  part  of  the  Committee's  report 
in  the  Journal  of  the  Society  of  Chemical  Industry,  January  15, 
1902.^  In  the  number  of  October  15,  1902,  there  is  a  criticism  of 
it  by  Messrs.  Stanger  and  Blouiit,  with  attendant  discussion  by 
others.  The  report  on  copper  slag  analyses  has  not  appeared  in 
print,  but  in  the  Engineering  and  Mining  Journal,  75,  295.  the 
list  of  analyses  is  given  with  extended  comments  by  Mr.  Thorn 
Smith,  based  upon  this  report,  of  which  copies  had  been  sent  to 
the  gentlemen  who  had  made  the  analyses.  Following  the  first 
cement  report,  which  contained  a  tentative  scheme  for  technical 
analysis  by  the  committee,  a  second  series  of  samples  was  dis- 
tributed for  analysis  in  accordance  with  its  directions.  Upon  the 
data  thus  secured,  a  second  report  was  rendered  by  me  to  Mr. 
Richardson,  and  at  his  request  I  have  prepared,  for  publication, 
the  present  paper,  which  contains  the  greater  part  of  that  report 
in  practically  its  original  form.  In  preparing  the  report,  much 
chemical  work  was  done  in  the  laboratory  of  the  United  States 
Geological  Survey,  the  results  of  which  were  tabulated  and  dis- 
cussed, but,  however  interesting  they  may  be  from  some  points  of 
view,  they  are  not  all  of  sufficient  importance  to  warrant  the 
consumption  of  space  required  for  their  presentation  herein. 

1  This  Journal,  a]|,  R  369. 
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A  cursory  glanoe  ever  the  tabulated  results  of  the  present  series 
of  analyses  offers  little  encouragement  to  those  who  hoped  for 
a  decided  improvement  over  the  first  series  made  in  1901.  But 
it  requires  no  very  critical  examination  to  show  that  there  is  im- 
provement in  certain  directions  and  that  the  outlook  is  not  all 
dark*  It  is  unfortunate  ior  the  purposes  of  a  satisfactory  review 
of  the  data  presented  that  the  committee's  provisicmal  scheme 
of  analysis  allowed  any  discretion  as  to  whether  certain  correc- 
tions throughout  the  aiialysis  should  be  made  or  not ;  for  instance^ 
the  correction  of  silica  by  hydrofluoric  and  sulphuric  acids,  of 
alumina  by  potassium  acid  sulphate,  and  in  the  matter  of  double 
precipitation  of  alumina,  lime,  and  magnesia.  Thus,  while  nearly 
all  the  chemists  practiced  double  evaporation  and  filtration  for 
silica  and  almost  all  of  these  blasted  silica,  but  thirteen  applied 
the  hydrofluoric  acid  correction;  fifteen  precipitated  lime  twice, 
but  only  eleven  took  the  same  precaution  with  magnesia.  It 
would  have  been  more  satisfactory  had  the  samples  been  sent  only 
to  those  having  adequate  facilities  and  agreeing  to  faithfully  carry 
out  the  analyses  according  to  a  strictly  laid  down  procedure,  from 
which  no  important  deviation  could  be  allowed.  Then,  and  then 
only,  could  the  results  be  thoroughly  comparable  and  admit  o£ 
plain  deductions.  As  it  is,  so  few  have  adhered  throughout  to  the 
committee's  recommendations  that  the  task  of  sifting  the  data  has 
been  very  arduous  and  the  results  by  no  means  commensurate 
with  the  labor  expended. 

This  last  statement  is  strengthened  by  the  fact,  revealed  by 
special  inquiries  during  the  last  stages  of  the  examination,  that 
the  water  used  by  a  ntmiber  of  chemists  was  so  impure  as  to 
vitiate  their  analyses  as  to  certain  constituents.  Only  a  few  gave 
quantitative  data  on  the  quality  of  the  water  used  by  them, 
although  information  on  this  point  was  requested  of  all,  but  from 
the  replies  received  it  is  manifest  that  not  a  few  of  the  poor 
results  are  directly  attributable  to  this  cause  and  that  the  quality 
of  the  water  used  is  often  shamefully  bad.  One  chemist,  in  fact, 
declined  to  undertake  the  analyses  at  all  because  of  the  poor 
quality  of  the  only  water  that  was  at  his  service.  Another 
analyst  (2),  after  sending  in  his  report  and  finding  that  his  water 
yielded,  on  evaporation,  16.7  mg.  per  liter  of  residue— chiefly 
magnesium  chloride  and  sulphate — repeated  his  analysis  in  dupli- 
cate with  pure  water  and  reported  the  results  under  20,  Tables  II 
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There  is  shown  a  total  gain  during  two  months  of  but  0.75 
per  cent,  when  nearly  fully  exposed  to  the  air.  Even  though  this 
gain  took  place  almost  wholly  early  in  the  time  period,  it  is  not 
probable  that  in  the  closed  vessel  an  appreciable  increase  of  weight 
occurred.  This  conclusion  is  important,  for,  if  true,  it  excludes 
as  a  probable  source  of  serious  error  in  this  series  of  analyses 
that  due  to  unequal  absorption  of  carbon  dioxide  and  water  by 
the  different  samples  of  cement  analyzed.  It  will  be  remembered 
that  in  the  first  series  of  analyses  this  was  held  to  be  a  not  im- 
probable cause  of  the  wide  differences  in  "ignition  loss"  00  the 
cement,  an  opinion  which  has  lost  most  of  its  force,  in  view  of  the 
experiment  referred  to  later  under  Ignition  Loss  (p.  1198). 

The  analyses  made  as  standards  of  comparison  head  the  lists 
given  below.  Their  values  are  usually  the  mean  of  several  closely 
agreeing  determinations  for  which  not  quite  the  same  degree  of 
accuracy  is  claimed  as  for  those  made  in  1901.  In  addition,  others 
were  made  to  test  the  committee's  analytical  scheme  and  the  effect 
of  using  glass  and  porcelain  vessels.  Prom  the  first  it  appears 
that  the  committee's  scheme  is  well  adapted  to  furnish  results 
that  afford  entirely  satisfactory  agreement  with  the  standard,  a 
conclusion  which  is  confirmed  by  the  concurrent  testimony  of 
several  of  the  analysts  who  participated  in  the  first  series  and  who 
have  since  reported  to  the  committee  their  experience  with  the 
method. 

In  this  connection  it  may  be  as  well  to  note  that  in  my  sub- 
sequent discussion  I  shall  take  into  consideraticm  some  of  the 
criticisms  offered  by  Messrs.  Stanger  and  Blount  in  their  paper 
already  referred  to,  and  to  which  I,  in  part,  replied  at  the  time 
of  its  presentation  in  New  York.  A  few  of  the  criticisms  and 
suggestions  are,  in  my  opinion,  valid  and  good,  and  may  well  be 
heeded,  should  it  seem  fit  in  the  light  of  experience  to  modify  the 
committee's  analytical  procedure.  Here  it  is  incumbent  upon  me 
to  point  out  that  Mr.  Blount  and  a  number  of  others  have  fallen 
into  error  in  thinking  that  the  committee's  method  was  devised 
by  myself.  Although  it  was  submitted  to  me  for  comment  and 
criticism  and  most  of  my  suggestions  were  adopted,  others  were 
not.  I  purposely  refrained  from  assuming  the  responsibility  of 
devising  a  procedure  to  be  followed  by  a  class  of  factory  chemists 
with  whose  laboratory  facilities  and  general  environment  I  had 
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no  acquaintance.  The  scheme  having  been  submitted  to  me  for 
criticism,  I  made  certain  suggestions  on  what  seemed  to  me  'the 
line  of  improvement  from  the  chemical  side  chiefly,  and  there  my 
responsibility  ends.  This  is  not  to  say  that  in  my  estimation  the 
procedure  is  incapable  of  affording  exact  results  when  carefully 
followed  (pure  water  and  chemicals  being  assumed),  for  the 
contrary  has  been  proved  by  myself  and  others.  It  was,  however, 
admittedly  a  tentative  scheme  of  analysis,  open  to  and  probably 
susceptible  of  betterment,  in  the  matter  of  time  at  least.  Mr. 
Blount  has  done  us  all  a  service  in  pointing  out,  in  part,  the  way 
thereto.  In  the  proper  place  I,  too,  shall  indicate  wherein  modifi- 
cations may,  with  advantage,  be  made  both  in  view  of  certain  sug- 
gestions of  Mr.  Blount  and  as  a  result  of  numerous  experiments 
by  myself  on  the  slurry  and  cement  samples  now  under  discussion. 
The  standard  analyses  were  made  in  general  accordance  with  the 
outline  of  procedure  given  by  me  in  my  first  report  of  1901,  but 
without  regard  to  most  of  the  minor  constituents,  except  to  ascer- 
tain that  they  were  not  present  in  such  amounts  that  n^lect  to 
determine  them  would  introduce  errors  of  importance.  Phos- 
phorus and  titanium  are  both  present,  but  are  counted  in  the 
analysis  as  alumina.  No  distinction  is  made  between  the  different 
conditions  of  iron,  but  all  is  given  as  ferric  oxide.  Manganese 
is  present,  but  in  amount  not  to  exceed  0.05  per  cent.  Its  effect 
on  the  lime  and  magnesia  figures  has  been  ignored.  Sulphur  ex- 
ists in  both  slurry  and  cement  as  sulphate  and  sulphide,  the  latter 
passing  by  ignition  into  sulphate  without  any  loss  at  all,  if  the 
heat  is  not  too  prolonged  or  too  high.  This  last  subject  is 
discussed  further  on  in  connection  with  the  ignition  loss 
(p.  1 198).  The  alkali  percentages  are  given  because  these 
constituents  have  an  important  bearing  in  explaining  some  of  the 
variations  for  "loss  on  ignition,"  as  will  appear  later  (p.  1200). 

The  slurry  was  converted,  in  not  over  fifteen  minutes,  by  a  good 
blast,  into  a  cement  yielding  but  0.05  per  cent,  of  matter  insoluble 
m  hydrochloric  acid.  The  contrary  experience  of  some  of  the 
analysts  is  due  solely  to  an  ineffective  blast  or  an  improper  man- 
ner of  applying  it,  as  with  the  crucible  uncovered.  The  cement, 
when  briefly  treated  with  hydrochloric  acid,  yielded  only  0.09 
per  cent,  of  insoluble  matter  after  freeing  from  some  separated 
silica,  which  amount  might  have  been  lessened  perhaps  by  longer 
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action  of  the  acid.  These  slight  amounts  of  insoluble  matter  from 
both  slurry  and  cement  have  not  been  entered  separately,  but  were 
weighed  with  the  silica,  and  what  may  have  been  left  of  them 
after  correction  by  hydrofluoric  acid  was  carried  over  to  the 
alumina  and  iron.  The  error  due  to  the  possible  presence  in  them 
of  lime  or  magnesia  is  very  slight  indeed. 

Tablb  I.— Standard  Anaz^ysbs  op  Si^uitRy  and  Cbmbnt. 

I!".::::;:::::::;::::;;:  iJlj."  «^'      '.^h'^ 

SiO, --IS-SI  21.93 

AlA- '5.501  '5.99)8 

Fc,0, 1.43)^^'^  2.35}^ 

CaO 40.84  62.92 

MgO 0.75  1. 10 

K,0 0.79  0.61 

Na,0 0.22  0.29 

H,0 4.20  1.40 

CO, 1.73 

Ignition • .  2.91* 

Tablb  II.— Analyses  op  Slxtrry. 

Al,Or  Irnition 

SiOa.         PeiOs.  AltOf.       PetOa.         CaO.  MgO.  80$.  lom. 

Standard.    13.51.        4>93.  3.^0*        ■•43.  40.84.  0.75.  1.43.  37*80. 

1  (12.69)     (7.07)  (40.46)  (0.72)  36.36* 

2  (13.24)     (5.36)  (3.51)     (1.85)  (41.06)  (1.25)  (1.62)  39.62t 
(  13.46        5.00  3.77        1.23  40.Q0  0.79  1.42  37.46 

1 13-54  4.98  3.75  1.23  40.80  0.73  ••••  37.46 

3  13-95  4.97  3-OI  1.96  40.95  0.81  38.66 

4a        13.78  4.94  3.28  1.66  41.42  0.62  ....  38.84 

4^        13.80  4.84  ...  ...  41.48  0.88  ....  38.90 

5  12.62        5.32        4X>7        1.25        40.96        0.92        ....      38.88 

6  (12.96)  5.30  41.04  0.65  ....      39.68 

7  (15.00)  (4.61)  (2.58)     (2.03)  (42.13)  (1.25)  1.62      38.58 

8  (15-54)  (4.90)  (3.76)     (1. 14)  {42.27)  (1.50)  1.52      39.20 

9  (12.76)  (5.51)  (4.13)       1.30  41.98         0.77  1.48J    38.90 

10a  13.39  5.22        40.96        0.88  ...       37.32 

10*  13.16  5.31         ...          i^..  40.93         0.85  

11  13.20  5.98  3.75        2.23  40.21  1.20  1.62      37.69 

12  13.72  5.28  3.68        1.60  41.18  0.79  

13  12.88  5.02  2.36        2.66  40.50  0.86  ...        39.04 
14J  12.10  5.10  41.00  0.90  1.75      37.38 

15  13-55  5.02        41.40  0.79  

16  12.78  6.22        41.18  1.07  ...        37.4S 

17  I6.38  5.14        42.17  0.82  1.43      37.3« 

18  12.61  5.53        3.77        1.76  41.26  1.33  1.54      37.78 
19**  (14.91)  (4.20)  (3.02)      1. 18  41.71  1. 10  1.48      35.15 

1  By  fusion,  after  slow  ignition  and  subsequent  extraction  by  HCl,  there  was  foand  tlie 
sametotal>x.83. 

«  TiOfc  o.x8. 

«  TiOt,  0.31. 

*  Mean  of  many  results.  The  calculated  loss  from  HfO.COi,  and  the  difference  be- 
tween 3»-eS  and  Fe|Os.>SOt  is  2.99.  The  slight  discrepancy  between  the  calculated  miul 
determined  values  may  well  be  due  to  errors  in  the  H«0  and  COt  rather  than  In  Use 
directly  found  value  for  loss. 
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4a.  Committee's  method.  4^.  Analyst's  .method.  7  and  8.  Different 
analysts  at  same  works,  loa.  Committee's  method.  lod.  Analyst's  method. 
*  Average  of  five  determinations,  t  Including  1.03  SOj.  :(  Also  0.10  S. 
{ Also  0.77  Kfi  and  0.45  Na,0.  **  The  figures  of  19  are  not  in  the  form  re- 
ported by  the  analyst,  who  gave  analyses  of  soluble  and  insoluble  parts  sepa- 
rately. 

Table  III.— Analyses  of  Cement. 


AlfOr 

Ignition. 

SiOs. 

Fe,0,. 

AUOt. 

Fe^Os. 

CaO. 

MgO. 

SO,. 

less 

standard. 

ai.93- 

8.34. 

5.98. 

J.3«. 

63.93* 

I.IO. 

1.54- 

a.91. 

I 

22.29 

9.68 

.... 

.... 

62.81 

0.95 

1.52* 

2.37t 

2 

(22.38) 

(9.54) 

(6.46) 

(3.08) 

(62.98) 

(1.60) 

(1.73) 

2.66 

2a 

(22.08 
122.04 

8.44 

6.18 

2.26 

62.90 

I. II 

1-54 

.... 

8.50 

6.20 

2.30 

62.80 

I.15 

3 

22.10 

8.72* 

5.78 

2.94 

63.44 

1.23 

J.52 

2.71 

Aa 

21.70 

8.60 

6.06 

2.54 

6356 

'•37 

1.51 

2.84 

4* 

21.68 

8.46 

.... 

63.56 

1.25 

1.52 

2.85 

5 

21.20 

9.04 

6.67 

2.37 

63.13 

1.39 

1.58 

3.48 

6 

22.08 

8.66 



.... 

63.09 

1.31 

1.63 

3.74 

7 

(22.86) 

(9.21) 

(6.15) 

(3.06) 

(63.96) 

(2.82) 

1.56 

.... 

8 

(22.02) 

(9.25) 

(6.64) 

(2.61) 

(64.43) 

(2.62) 

1.38 

.... 

9 

21.69 

8.64 

6.19 

2.45 

63.27 

1.08 

i.43t 

4.50 

loa 

21.86 

8.83 

6.35 

2.48 

63.49 

1. 19 

1.59 

2.96 

10^ 

21.79 
21.71 

8.83 

6.35 

2.48 

63.40 

1.20 





8.89 

6.36 

2.53 

63.40 

1. 21 

.... 



II 

22.27 

8.83 

6.24 

2.59 

62.53 

1. 21 

1.57 

3.30 

12 

22.32 

8.64 

6.19 

2.45 

63.40 

1.64 

1.55 

• .  • .. 

13 

21.88 

9.18 

4.88 

4.30 

63.01 

1.38 

I.6i2 

2.66 

I4*» 

20.50 

8.41 

.   .... 

.... 

62.60 

1.20 

2.26 

4.20 

15 

22.44 

8.62 

.... 

.... 

62.14 

1.02 

1.55 

2.32 

i6tt 

22.18 

8.52 

.... 

.... 

63.88 

1.28 

2.86 

17 

22.24 

8.36 

.... 

63.72 

0.99 

1.46 

3.01 

18 

22.58 

9.08 

6.48 

2.60 

63-15 

1.38 

1.51 

2.58 

19 

M.53« 

8.39 

5.74 

2.65 

63.88 

1.34 

1.62 

0.98 

4a.   Committee' 

8  method.    43. 

Analyst 

;'s  method.     7  and  8.  Different 

analysts 

at    same 

:   works 

loa. 

Committee's    method. 

lo^.    Analyst's 

method. 

♦Alsoo 

.06  S. 

t  Mean  of  two  concordant  results. 

J  Also 

o.io  S. 

{Alsoo. 

19  s.  »*. 

A.lso  0.85  K,0  and  0.50  Na^O.   tt  Mean  of  close  duplicates. 

tX  In  addition  0.20  insoluble  in  HCl  reported. 

Examination  of  the  data  furnished  by  most  of  the  chemists 
with  their  analyses  shows  that  certain  of  the  latter  must  be  re- 
jected, in  part  at  least,  as  not  made  in  accordance  with  the  com- 
mittee's specifications  in  essential  details.  Slight  deviations  which 
could  hardly  affect  the  results  appreciably,  if  at  all,  have  not 
been  regarded  as  sufficient  ground  for  exclusion.  This  rule 
affects  certain  of  the  slurry  analyses,  and  the  values  which  arfe 
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regarded  as  fitly  thrown  out  appear  bracketed  in  the  accompany- 
ing tables.  With  fuller  information  it  is  likely  that  still  other 
figures  would  be  similarly  treated. 

The  grounds  for  excluding  from  discussion  the  bracketed  values 
are  the  following : 

Nos.  I  and  i6, — The  chemists,  being  unable  to  secure  complete 
conversion  to  a  soluble  state  by  ignition,  treated  the  partially 
converted  slurry  with  hydrochloric  acid,  and,  instead  of  filtering 
and  further  handling  the  residue  as  directed  by  the  committee, 
evaporated  silica  and  insoluble  as  for  silica  alone  and  corrected 
by  hydrofluoric  and  sulphuric  acids.  No.  i  then  found,  after  igni- 
tion, a  fixed  residue  of  2.37  per  cent.,  and  No.  16  one  of  2.60  per 
cent.,-  which  was,  in  each  case,  deducted  from  the  crude  silica  and 
added  to  the  alumina  and  ferric  oxide  obtained  by  precipitation 
with  ammonia.  Hereby  a  serious  error  was  committed,  affecting^ 
not  only  the  value  for  silica,  but  those  for  alumina,  lime,  and  per- 
haps magnesia  as  well,  for  the  residue  consisted  not  simply  of 
aluminum  and  iron  oxides,  but  of  a  little  magnesia  and  probably 
considerable  calcium  sulphate  too.  The  silica  is  thus  made  to 
appear  too  low  by  the  amount  of  SO,  retained  by  the  lime,  for, 
in  case  of  No.  i,  at  least,  the  blast  temperature  was  insufficiently 
high  to  convert  to  oxide.  The  lime  and  magnesia  are  also  too 
low,  but  the  alumina  too  high  hy  the  extent  of  the  calcium  sul- 
phate and  magnesia  in  the  residue  from  the  silica.  In  this  way 
the  quite  abnormally  high  values  for  alumina  and  ferric  oxide 
can  be,  in  part  at  least,  accounted  for,  but  it  is  singular  that 
analyst  No.  i  should  be  the  one  to  report  also  the  highest  alumina 
and  ferric  iron  in  the  cement,  where  the  conditions  were  normal 
and  his  silica  and  lime  are  nearly  correct. 

No.  2, — ^This  analyst,  after  reporting,  found  that  his  water 
carried  16.7  mg.  of  solid  matter  to  the  liter,  in  large  part  chloride 
and  sulphate  of  magnesium.  His  silica  and  lime  values,  particu- 
larly the  latter,  do  not  seem  to  be  materially  affected  by  the  im- 
purity of  the  water,  but  it  has  been  thought  best  to  reject  the  en- 
tire analyses  for  both  slurry  and  dement.  The  analyses  under  2a 
are  the  work  of  the  same  analyst  when  using  pure  water,  but  as 
they  were  made  after  seeing  the  standard  analyses,  it  is  not  right 
to  consider  them  in  the  discussion. 
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No.  6. — In  this  case  the  insoluble  and  silica  were  fused  with 
sodium  carbonate,  but  instead  of  adding  the  hydrochloric  acid 
solution  of  this  fusion  to  the  original  filtrate  it  was  separately 
evaporated  twice  for  silica,  the  first  filtrate  also,  whereby  a  greater 
loss  of  silica  was  incurred  than  if  the  combined  solutions  had 
been  treated  together. 

Nos.  7  and  8. — These  chemists,  attached  to  the  same  works, 
did  not  ignite  the  slurry,  but  dissolved  directly  in  acid  and  fused 
the  residue  with  alkali  carbonate.  Under  ordinary  circumstances 
this  procedure  should  not  have  caused  trouble,  but  the  slurry 
contained  considerable  organic  matter,  soluble  in  acid,  which  may 
have  affected  the  subsequent  precipitation  of  iron  and  aliyninum 
to  a  marked  degree.  It  is  quite  impossible  to  account  in  this  way 
for  the  extraordinary  values  reported  for  silica,  or  for  the  exces- 
sive percentages  for  lime  and  magnesia,  which  characterize  both 
slurry  and  cement  analyses  by  these  chemists,  and  for  alumina 
in  their  cement  analyses.  Especially  impossible  are  the  figures 
given  for  magnesia  in  the  cement.  The  fact  also  that  two  chemists 
following  the  same  procedure  should  be  able  to  find  1.14  and 
2.03  per  cent,  of  FcjOj,  respectively,  speaks  for  itself.  Either 
the  grossest  incompetence  marks  these  analyses  or  the  reagents 
used  were  of  phenomenally  bad  quality.  The  glassware  can 
hardly  be  more  at  fault  than  in  the  other  analyses,  for  it  is  asserted 
to  be  Bdiemian  and  furnished  by  a  well-known  New  York  firm. 
The  analyses  are  therefore  excluded,  not  only  in  the  case  of  the 
slurry  but  of  the  cement  also,  as  unworthy  of  serious  discussion. 

No.  p. — Portions  of  this  analysis  are  rejected  for  the  same 
reason  as  7  and  8,  that  is,  the  manner  of  effecting  solution  of  the 
slurry.  The  iron  determination,  being  made  on  a  separate  por- 
tion and  possibly  after  solution  in  a  different  manner,  is  not  ex- 
cluded. The  cement  analysis  of  this  chemist  shows  normal  char- 
acter, notwithstanding  certain  deviations  from  the  committee's 
rules. 

No.  ip. — ^The  residue  from  incomplete  conversion  of  the  slurry 
to  a  soluble  state  by  ignition  was  fused  with  sodium  carbonate 
and  analyzed  separately,  not  being  united  with  the  first  filtrate. 
This  introduced  uncertainties  in  the  subsequent  determinations, 
the  reality,  of  which  is  sufficiently  apparent  from  a  comparison 
of  the  values  for  silica  and  alumina  with  those  of  the  standard, 
and  hence  justifies  exclusion  in  part. 
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In  individual  determinations,  a  few  of  the  other  analyses  show^ 
lapses  from  proper  care  quite  comparable  with  those  of  7  and  8, 
as,  for  instance,  the  silica  values  of  14  and  the  iron  values  of  13 
in  both  slurry  and  cement,  and  of  11  in  the  slurry,  tut  the  data 
afforded  by  the  chemists  as  to  the  methods  used  and  the  internal 
evidence  of  the  analyses  themselves  do  not  furnish  suf&cient 
grounds  for  exclusion  wholly  or  even  in  great  part.  Wide  varia- 
tions of  the  alumina  values  from  the  standard  are  not  taken  ac- 
count of  when  it  is  plain  that  this  is  the  result  of  an  erroneous 
iron  determination. 

Were  space  available,  it  would  be  of  interest  before  discussing 
the  foregoing  analyses  to  reproduce  certain  tables  and  attendant 
comments  of  the  full  report,  showing  the  results  obtained  by  my- 
self when  closely  following  the  committee's  procedure  (using^ 
platinum  vessels),  and  also  the  effect  of  completing  the  analyses, 
after  separation  of  silica,  in  glassware  of  different  makes.  The 
tables  referred  to  also  show  not  only  the  percentages  derived  from 
the  first  crude  weights,  but  also  those  found  by  applying  the  cor- 
rections usual  in  exact  analysis.  It  must  suffice  to  summarize  the 
net  results. 

(i)  That  with  pure  reagents  and  only  ordinarily  careful  work 
no  such  variations  should  be  possible  as  are  shown  by  Tables  II 
and  III,  even  when  glassware  of  good  quality  is  employed  instead 
of  platinum.  Analyses  of  the  cement  made  in  glass  gave :  SiO,, 
22.08,  22.10,  "22.11,  22.02,  22.30,  22.04;  Al,Os,  Fe^Os,  8.39,  8.43, 
8.39,  8.22,  8.41,  8.37;  CaO,  63.18,  63.03,  63.01,  63.18,  63.17; 
MgO,  1. 16,  1.21,  1. 12. 

(2)  That  the  solubility  of  glassware  should  not  make  itself  so 
appd,rent  by  an  abnormally  high  magnesia  result  as  might  seem  to 
be  the  case  in  certain  of  the  analyses  of  Tables  II  and  III,  for  in 
all  the  analyses  of  the  (Knitted  list  silica  was  in  solution — ^up  to 
8  mg. — ^but,  in  agreement  with  all  my  previous  experience,  it  is 
precipitated  but  little,  if  at  all,  with  the  magnesium  phosphate. 
It  seems,  therefore,  probable  that  the  very  high  magnesia  results 
in  the  other  cases  may  have  been  due  to  magnesium  salts  in  the 
water  used,  as  well  as  in  No.  2. 

(3)  That  with  cements  so  completely  soluble  in  acids  as  the 
present  one,  the  correction  of  the  silica  by  hydrofluoric  acid  and 
of  the  alimiina  by  bisulphate  ought  to  be  for  technical  work,  cer- 
tainly for  factory  control,  unnecessary,  since  they  so  nearly  bal- 
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ance  one  another.  Any  one  of  my  analyses  made  in  glass  would 
serve  quite  well  for  dl  practical  purposes,  but  unfortunately  very 
few  of  the  analyses  in  Tables  II  and  III  conform  throughout 
to  the  standard  anywhere  near  so  well.  There  is  evidently  some- 
thing wrong  with  the  manipulations  or  the  reagents  used  by  the 
several  chemists,  as  a  consequence  of  which  few  are  able  to  secure 
results  as  good  as  the  least  satisfactory  of  those  in  the  omitted 
table.  They  evidently  do  not  work  as  I  do,  and,  moreover,  they 
do  not  work  alike  among  themselves.  The  personal  factor  seems 
to  be  an  important  one. 

(4)  That  while  it  might  be  safe  under  the  conditions  assumed 
above  to  neglect  the  corrections  on  silca  and  alumina  (as  was  done 
by  analyst  12),  it  is  not  safe  to  apply  one  and  neglect  the  other. 
This  the  fdlowing  illustration  will  make  clear :  The  uncorrected 
values  for  SiO,  and  Al,Og  were  22.12  and  8.59,  which  became 
22.00  and  8.71  when  correction  was  applied  to  the  former  only ; 
but  the  latter  held  0.30  SiOj,  so  that  the  true  values  were  22.30 
and  841.  The  wholly  uncorrected  figures  were  nearer  right  than 
when  but  half  corrected. 

DETAILED  DISCUSSION  OP  ANALYSES  OP  TABLES  II  AND  III. 

It  is  now  in  order  to  look  at  the  analyses  in  greater  detail,  and 
because  the  determinations  of  silica  and  alumina  are  so  closely 
connected,  I  will  discuss  under  one  heading  the  figures  given 
for  silica  and  the  precipitate  produced  by  ammonia. 

Silica  and  the  Alumina  Precipitate, — ^The  cause  mentioned  just 
above,  namely,  the  application  of  the  correction  on  the  silica  for 
alumina  and  not  on  the  alumina  for  its  contaminating  silica,  ac- 
counts for  the  chief  discrepancies  in  Tables  II  and  III  after  ex- 
cluding the  "rejected"  values  enumerated  on  pages  1188-1189. 
This  is  shown  by  the  following  tabulations,  where  Table  IVa  con- 
tains the  analyses  in  which  the  double  correction  was  made,  while 
IVt  show$  those  in  which  the  correction  was  made  only  on  the 
silica.    The  silica  was  blasted  in  all  cases. 

Tablb  IVa.— Showing  Analyses  in  Which  thb  Crudb  Silica  and 
Alumina  Wbrb  Both  Corrbctbd. 

Slttny. 


No. 

si<v 

A1,0,P*|0^ 

9iO^ 

AUO,Fe,<H. 

3 

13.95* 
13.78 

4.97 

92. 10 

!-7» 

4tf 

4.94 

21.70 
31.86 

8.60 

loa 

13.39 

5" 

2!^ 

11 

13.20 

5.98 

32.27 

8.83 
8.36 

17 

13.38 

5.14 

22.24 

*  No  oydfofliioric  scid  oomctioii. 
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Tamls  IV^.— Showing  Anae^ysbs  in  Wbick  Crudb  Silica  but  Not  thr 

Crudb  Alumina  was  Corrected. 

Slurry. 

Cement. 

No. 

810,. 

Al40,Pe,0,. 

SiO,. 

Al,0,Fe,0,. 

I 

.... 

... 

22.29 

9.68 

5 

12.62 

5.32 

21.20 

904 

13 

12.88^ 

5.02 

21.88 

9.18 

14 

12.10 

5.10 

20.50 

8.41 

15 

13.55' 

502 

22.44' 

8.62 

i6 

.... 

22.18^ 

8.52 

l8 

12.61 

5.53 

22.58 

9.08 

In  the  first  of  the  above  tables,  the  four  silica  values  for  slurry, 
due  to  double  correction,  all  fall  within  the  limits  13.20  and  13.78, 
the  standard  being  13.51.  Analysis  3  is  included  in  this  series, 
notwithstanding  the  omission  of  the  hydrofluoric  acid  correction, 
because  it  is  plain  that  with  the  correction  made  it  would  occupy 
an  even  more  favorable  place  than  it  does  with  respect  to  silica. 

The  second  table  contains  four  of  the  eight  markedly  low  silica 
results  reported  for  the  slurry —  that  is,  below  13  per  cent. — 
while  only  one  is  above  13  per  cent.  In  this,  the  evaporation  for 
silica  was  made  in  glass,  while  in  the  other  cases  porcelain  was 
used,  except  platinum  for  the  slurry  in  13.  The  other  four  returns 
below  13  per  cent.,  namely  i,  6,  9  and  16,  are  excluded  from  con- 
sideration for  the  reasons  given  on  pages  1188-1189. 

With  respect  to  the  silica  values  for  the  slurry  in  Table  IV6,  it 
seems  singular  that  with  such  a  low  general  average  of  uncor- 
rected alumina  for  the  five,  the  silica  should  not  be  much  higher 
than  it  is.  Assuming  that  the  alumina  is  all  accounted  for  in  the 
values  given,  there  must  have  been  a  marked  loss  of  silica  in 
four  of  the  five  analyses.  Were  the  alumina  considerably  higher, 
the  same  cause  might  be  assigned  that  was  sufficient  to  exclude 
slurries  Nos.  i  and  16  from  the  comparisons,  but  there  is  noth- 
ing in  the  data  furnished  by  the  chemists  who  made  these  analyses 
that  throws  any  light  upon  this  point.  Were  it  not  for  the  fact 
that  similar  deficiencies  do  not  appear  in  their  cement  analyses,  it 
might  be  thought  that  in  some  of  the  cases  silica  had  adhered  so 
tenaciously  to  the  porcelain  dish  on  evaporation  as  to  escape  com- 
plete removal.  This  is  a  cause  of  error  quite  likely  to  arise  at 
times  when  using  porcelain,  because  of  the  difficulty  of  seeing* 
the  adhering  silica  against  the  white  surface.  Analyst  16,  who 
evaporated  for  silica  twice  in  platinum,  remarks  that  the  glass 

1  In  platinum.  <  In  glass. 
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used  for  subsequent  operations  was  ''easily  attacked/'  which 
might  account,  in  part,  for  his  atmormal  alumina  in  the  slurry, 
were  it  not  that  for  the  cement  it  is  nearly  normal. 

Notwithstanding  that  the  results  of  Table  IVa  are,  on  the  whde, 
most  emphatically  favorable  to  the  api^iction  of  the  double  cor- 
rection, the  fact  remains  that  the  general  average  of  the  alumina 
is  still  far  in  excess  of  the  standard.  This  may  be  in  part  because 
the  silica  correction,  as  made  by  bisulphate,  does  not  give  the  true 
correction,  as  I  showed  conclusively  in  my  paper  ''Common 
Errors  in  the  Determination  of  Silica,''^  since  a  large,  or  even  a 
major,  ponion  of  the  silica  contaminating  the  alumina  goes  into 
solution  and  can  only  be  recovered  by  evaporating  the  dissolved 
product  of  fusion  with  excess  of  sul{^uric  acid,  and  heating  till 
fumes  of  the  add  are  copiously  evolved.  Upon  cooling,  diluting, 
and  digesting  for  a  time,  the  whole  of  the  silica  ccdlects  in  flocks 
and  can  be  readily  separated  and  determined.  See,  also,  page  1205. 

In  all  cases  where  alumina  was  twice  precipitated  (and  this 
was  done  by  all  but  3  and  15),  except  under  the  conditions  of 
treating  the  slurry  followed  by  analyst  i,  there  is  no  reason  to 
suppose  that  the  high  results  for  alumina  are  due  to  coprecipita- 
tion  of  calcium,  even  when  the  ammonia  used  contained  carbonate 
and  the  liquid,  during  precipitation,  was  exposed  to  gases  from 
the  flame  beneath.  Therefore  the  variations  in  the  lime  and  mag- 
nesia must  be  due,  in  the  great  majority  of  cases,  to  causes  quite 
unconnected  with  the  manner  of  getting  the  slurry  and  cement 
ifito  solution  and  with  the  determining  of  the  silica  and  alumina, 
except  in  the  case  of  slurry  No.  i,  already  alluded  to,  and  possi- 
bly one  or  two  others.  This  it  would  be  impossible  to  assume, 
had  but  a  single  precipitation  of  alumina  been  made,  f6r  most 
chemists  do  find  a  little  lime  with  the  latter  when  they  take  the 
trouUe  to  lode  for  it,  although  of  the  present  company  3  and  15, 
the  only  ones  who  tried  it,  seem  to  have  made  a  good  single  separa- 
tion, as  Mr.  Blount  claims  can  always  be  done  by  the  use  of  a 
sufficient  amount  of  ammonium  chloride.  I  must  admit  that  a 
single  trial,  by  myself,  on  the  cement  gave  a  result  in  accord  with 
his  statement,  but  then  I  use  redistilled  ammonia,  which  is  almost 
free  from  carbonate,  while  that  coming  from  the  dealers  contains 
a  good  deal  at  times  and  may  thereby  give  ri^  to  rather  serious 
error. 

1  TUt  JoonMl,  94. 30t. 
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The  excessive  value  obtained  by  No.  i  for  AljO,  +  FejOj  in 
the  slurry  has  been  shown  to  be  due,  in  part,  to  the  possible 
counting  of  considerable  calcium  sulphate  and  a  little  magnesia 
as  alumina,  but  since  an  almost  equal  excess  occurs  in  his  cement 
analysis  without  the  possibility  of  a  similar  cause  acting,  the  ex* 
planation  must  lie,  in  part,  in  the  application  of  too  low  a  heat. 
If  the  alumina  was  heated  with  uncovered  crucible,  as  seems  to 
be  this  chemist's  practice,  the  error  may  be  accounted  for. 

To  sum  up  the  situation  as  regards  silica  by  a  review  of  all 
the  data,  regardless  of  just  grounds  for  excluding  some,  it  appears 
that  there  has  been  a  decided  elevation  in  the  average.  It  is 
nearly  that  of  the  standard  in  the  slurry  (13.43:  13.51)  as  against 
14.37  t^  1 5- 18  of  the  1901  series,  showing  an  average  deficiency 
of  only  0.08  per  cent,  now,  as  against  0.81  then.  In  the  cement  there 
appears  now  an  average  excess  of  o.io  per  cent.  (22.03:21.93), 
as  against  a  deficiency  of  0.81  in  1901  (20.50:21.31).  It  is 
thus  apparent  that,  whereas  two  years  ago  the  average  error  of 
a  large  number  of  chemists  was  a  serious  minus  one,  it  is  now,  in 
both  cases,  practically  wiped  out.  The  variations  from  the  truth 
are  as  likely  to  be  found  on  one  side  as  the  other,  though  the  ex- 
tremes are  as  far  apart  as  ever.  This  last  would  be  a  more  dis- 
couraging feature  than  it  is  but  for  the  fact  that  the  returns  from 
analyses  7,  8,  9,  14  and  19  are  so  abnormal  on  the  slurry  as  to 
occupy  a  position  by  themseh-es.  Excluding  their  results,  the  ex- 
treme differences  show  a  marked  improvement  also,  being  for 
the  slurry  only  1.34  now,  as  against  2.97  in  1901,  and  for  the 
cement  (excluding  here  only  14  as  utterly  abnormal)  i.t8  against 
2.38. 

A  sintilar  comparison  of  the  precipitates  by  ammonia  shows  the 
following  results:  The  general  average  for  the  slurry  is  noAv 
0.35  in  excess  of  the  standard  (5.28:4.93)  as  against  an  excess 
of  0.84  io  1901  (7.93:7.09),  and  for  the  Cement  0.52  in  excess 
(8.86:8.34)  as  against  0.90  (10.33:9.43)  in  1901.  The  real 
showing  is  doubtless  somewhat  less  favorable  than  it  appears 
from  the  above,  because  the  alumina  precipitates  are  now  smaller 
than  in  the  earlier  series  of  analyses,  but  there  is  nevertheless  a 
manifest  improvement. 

Iron, — In  the  foregoing  the  ^ammonia  precipitate  has,  for 
brevity's  sake,  been  spoken  of  as  alumina.  The  values  for  :he 
latter  constituent,  being  in  all  cases  determined  by  difference,  are. 
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of  course,  affected  by  any  error  attaching  to  the  iron.  As  stated 
earlier,  gross  carelessness  must  have  characterized  some  of  the 
iron  determinations.  The  gravimetric  determinations  (3  and  19), 
after  separation  from  alumina  by  potassium  hydroxide,  were 
wide  of  the  standard,  as  may  be  seen  by  reference  to  Tables  II 
and  III,  but  not  to  the  same  degree  as  some  of  those  made  volu- 
metrically.  It  is  of  interest  to  know  that  the  hydrogen  sulphide 
method  of  reducing  iron  has  given  decidedly  better  results  than 
reduction  by  hydrogen,  though  there  is  still  room  for  improve- 
ment by  those  using  the  former  method. 

Aside  from  carelessness  in  one  way  or  another,  it  seems  prob- 
able that  a  not  unimportant  factor  in  some  of  the  errors  is  the 
strength  of  volumetric  solution  used.  In  most  cases  it  was  too 
strong  for  safety  in  rapid  work  on  low  iron  percentages,  being 
from  0.0055  to  0-0I05  Fe  per  cubic  centimeter. 

Lime. — ^Except-  as  before  mentioned  for  slurries  i  and  16,  the 
determinations  of  lime  seem  to  be  unaffected  by  any  of  the  varia- 
tions from  the  committee's  directions  for  the  solution  of  the 
slurry  and  cement,  and  there  are  no  data  to  throw  light  on  the 
cause  of  the  wide  variations,  not  only  from  the  standard,  but 
among  themselves  as  well.  The  errors  due  to  solvent  action  on 
the  glass  beakers  should  affect  chiefly  the  silica  and  lime,  and  a 
portion  of  all  the  plus  errors  in  these  determinations  are  to  be 
ascribed  to  this  source.  But,  as  my  own  analyses  made  in  glass 
go  to  show,  the  errors  resulting  herefrom  ^re  not  great  enough 
to  account  for  the  large  variations  reported,  unless  the  glass  is 
much  poorer  than  any  that  was  at  my  disposal.  Neither  does 
there  .seem  to  be  any  decided  advantage  in  the  gravimetric  method 
for  lime  over  the  volumetric  one  involving  the  use  of  permanga- 
nate, except  in  the  case  of  the  cement,  where  the  maximum  differ- 
ence is  1.35  in  eleven  determinations  as  CaO  against  2.29  by  per- 
manganate. If,  however,  the  grossly  inaccurate  analyses  of  7 
and  8  are  excluded  from  consideration  here  as  before,  the  ad- 
vantage is  found  to  lie  slightly  with  the  volumetric  method  for 
both  slurry  and  cement,  leaving  out  of  account  the  discrepancy  in 
numbers. 

There  is  internal  evidence  in  a  few  of  the  analyses  that  insuffi- 
cient heat  was  employed  to  convert  the  oxalate  wholly  to  oxide. 
For  instance,  17  shows  in  all  respects,  except  lime,  a  close  agree- 
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ment  with  the  standard,  whereas  in  lime  his  results  are  far  above 
the  average  on  both  slurry  and  cement.  The  last  statement  holds 
for  19  too,  though  the  agreement  with  the  standard  is  not  other- 
wise good.  No.  II,  on  the  other  hand,  shows  a  marked  loss  in 
both  cases,  with  especially  high  alumina  in  the  slurry,  which 
seems  to  be  indicative  of  incomplete  separation  from  the  latter, 
notwithstanding  that  the  separation  was  made  twice. 

With  respect  to  the  temperature  required  for  the  complete  con- 
version of  calcium  oxalate  to  oxide,  it  will  be  well  to  introduce 
here  a  few  remarks  and  an'  experiment  to  dispel  the  common  im- 
pression that  this  is  a  difficult  matter.  Analyst  i  blasts  for  an 
hour  or  more,  but  when  it  is  learned  that  this  is  done  with  cruci- 
ble uncovered,  the  reason  is  apparent,  especially  if  the  blast  is  not 
a  powerful  one.  The  following  test,  made  by  myself,  shows  what 
may  be  accomplished  over  a  good  Bunsen  burner  only. 

A  crucible  containing  2.9997  grams  precipitated  CaCO,  weighed 
244033  grams.  The  covered  crucible  was  heated  for  several 
periods  with  the  results  that  follow : . 

Gnmfl. 

Weight  after  twenty  minutes  over  burner 23.1628 

Weight  after  further  twenty  minutes  over  burner 23.0817 

Weight  after  further  twenty  minutes  over  burner 23.0801 

Weight  after  inclined  blast  for  twenty  minutes 23.0790 

The  total  loss  was  44.12  per  cent.,  instead  of  the  43.95  called 
for  by  theory,  the  slight  excess  being  doubtless  ascribable  to  hy- 
groscopic moisture.  It  is  seen  that  forty  minutes'  heating  over 
the  burner  sufficed  to  effect  almost  the  whole  of  this  with  3  grams 
of  calcium  carbonate.  For  the  amounts  usually  encountered  in 
analysis,  of  which  cements  afford  about  the  maximum,  ten  min- 
utes' heat  of  the  Bunsen  burner  is  almost  as  effective  as  an  addi- 
tional five  minutes'  blasting,  which  latter  is  usually  ample.  Could 
the  Bunsen  heat  be  applied  effectively  with  exclusion  of  the  flame 
g^ses  from,  the  interior  of  the  crucible,  the  blast  would  be  quite 
unnecessary  at  the  end.  It  is,  however,  assumed  that  the  crucible 
rests  in  a  triangle  of  platinum  and  not  of  clay.  It  is  also  my 
custom  to  use  an  inclined  blast  on  almost  all  occasions  requiring" 
this  mode  of  heat  application,  and  usually  without  allowing  the 
flame  to  envelop  the  lid  of  the  crucible.  Hereby  flame  gases  are 
largely  or  altogether  excluded,  and,  consequently,  in  the  case  of 
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cements  and  limestones,  given  an  equal  temperature,  more  rapid 
loss  of  their  carbon  dioxide  results  than  is  possible  with  a  vertical 
blast. 

One  possible  cause  of  error  in  the  lime  results  remains  to  be 
mentioned.  Unless  the  lime  is  weighed  soon  after  ignition — say 
not  later  than  half  an  hour — the  result  may  be  too  high.  It  is  not 
known  to  what  extent,  if  at  all,  this  error  affects  the  results  under 
discussion. 

Magnesia. — ^R^arding  the  discrepancies  in  magnesia  there  is 
little  that  can  be  said.  When  avera^s  for  1901  and  1902  are 
compared,  the  present  are  found  to  be  even  a  little  worse  than 
the  earlier  ones,  and  that  too  with  smaller  amounts  of  magnesia 
to  deal  with.  Even  allowing  for  considerable  scrfvent  action  of 
reagents  on  the  glass,  it  is  difficult  to  see  how  this  should  give 
rise  to  such  extraordinary  results  as  some  analysts  report.  It 
seems  not  impossible  that  the  abnormally  high  magnesia  returns 
were,  in  all  cases,  due  to  impure  water,  as  was  found  to  be  the 
case  with  those  of  analyst  2.  Even  where  the  anmionium  salts 
have  been  removed  by  nitric  acid  (method  of  J.  Lawrence  Smith). 
as  recommended  by  Mr.  Blount,  the  results  are  still  high,  as  in 
both  analyses  19. 

The  influence  of  impurities  in  stock  solutions  is  one  that  should 
not  be  lost^  sight  of.  The  practice  of  using  stock  solutions  of 
such  reagents  as  ammonium  oxalate  and  sodium  phosphate  is 
dangerous,  unless  the  solutions  are  renewed  at  frequent  intervals. 
It  is  my  practice  to  use  the  solid  salt  and  dissolve  it  as  wanted. 

Sulphur. — ^For  all  but  No.  3,  the  figures  for  sulphur  trioxide 
represent  only  the  sulphate  sulphur.  No.  3  reports  only  total 
sulphur.  The  only  point  calling  for  special  comment  is  the  com- 
parison of  the  results  as  they  were  obtained  with  or  without  re- 
moval of  silica  by  evaporation  before  adding  barium  chloride. 
Even  excluding  the  particularly  abnormal  results  of  14,  the  ad- 
vantage is  still  with  those  who  do  not  remove  silica  (5,  6,  9,  lOa, 
I?,  17),  although  the  comparison  is  not  altogether  satisfactory, 
because  of  the  diflFerence  in  the  numbers  using  the  two  procedures. 
I  am  inclined  to  ascribe  the  higher  values  in  the  one  case  largely 
to  absorption  of  sulphuric  acid  during  evaporation  for  removal 
of  silica,  especially  where  water-baths  heated  by  gas  were  used. 
That  this  source  of  error  is  a  very  real  one  has  been  long  since 
shown.     Impure  v  ^er  may  be  a  factor  in  other  cases  for  the 
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deviations  in  excess  of  the  standard  recorded  by  both  procedures. 
The  high  value  reported  by  No.  2,  in  his  original  analysis,  is 
known  to  have  its  origin  in  the  above  source,  and  it  may  very  well 
be,  in  view  of  the  poor  quality  of  the  water  reported  subsequently 
by  others,  that  this  explanation  fits  other  cases.  That  Stoddart 
should  have  found*  frequently  more  sulphur  in  coals  when  not 
separating  silica  than  when  doing  so,  is  contrary  to  all  my  experi- 
ence in  silicate  work,  where  duplicates  agree  usually  exactly,  and, 
if  ihey  differ,  are  as  likely  to  be  high  by  one  way  as  by  the  other. 

Ignition  Loss. — The  results  for  loss  on  ig^nition  will  not  be 
discussed  in  detail  because  the  experiments,  referred  to  below,  have 
shown  clearly  enough  why  the  results  vary,  and  must  vary,  unless 
a  closely  defined  method  for  determining  this  loss  is  followed. 
Such  precision  is  not  to  be  found  in  the  committee's  directions 
for  the  determination  of  this  factor;  hence,  no  blame  can  attach 
to  those  who  obtain  results  varying  from  the  standard.  Several 
of  the  chemists  stated  that  in  their  results  "loss  on  ignition"  com- 
prised not  only  water  and  carbon  dioxide,  but  also  more  or  less 
sulphur  trioxide,  depending  on  the  temperature  of  the  blast,  be- 
sides organic  matter  and  possibly  one  or  tAvo  minor  factors.  In 
my  own  analyses,  it  was  supposed  to  mclude  all  possible  factors 
except  loss  of  sulphur  from  either  sulphates  or  sulphides,  for, 
unless  the  heat  passes  a  certain  point,  the  sulphides  are  oxidized 
to  sulphates  and  no  sulphur  is  lost,  being  retained  by  the  lime. 
This  is  the  explanation  asked  for  by  Mr.  Blount  in  his  reply-  to 
certain  remarks  of  mine  at  the  foot  of  page  1221. 

Mr.  Blount  is  perfectly  justified  in  objecting  to  the  blast  for 
"loss  on  ignition"  in  cements  and  cement  mixtures  containing  sul- 
phur when  applied  in  the  manner  prescribed  by  the  committee, 
but,  as  described  below,  the  method  is  accurate  for  all  reasonable 
demands,  and  results  agreeing  within  o.i  or  0.2  per  cent,  can  be 
obtained  almost  as  often  as  desired.  It  happened  that,  without 
special  study  of  the  subject,  I  had  employed  the  right  condition  1 
from  the  start,  but  Mr.  Blount's  inquiry  led  me  to  take  up  :h- 
matter  in  some  detail,  and  the  results  I  now  communicate. 

It  may  be  said  at  once  that  the  variations  in  "loss"  are  not 
attributable  to  absorption  of  carbon  dioxide  and  water  from  the 
air,  unless  there  was  great  lack  of  care,  and  even  then  this  can  be 

1  This  Journal,  94,  8sa. 

*  /.  Soc,  Chem.  Tnd.,  ai,  1333. 
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but  a  minor  cause,  as  the  data  given  on  page  1183  show.  Hence, 
my  own  iormtr  doubts  and  those  of  S.  F.  Peckham^  on  this  point 
were  largely  unfounded. 

Trials  in  great  number  were  made  on  both  slurry  and  cement 
under  varying  conditions.  It  was  found,  as  above  said,  that  the 
sulphides  could  be  easily  and  quickly  oxidized  without  any  loss 
of  sulphur  and  yet  with  complete  removal  of  water,  carbon  diox- 
ide, and  organic  matter.  The  proof  of  this  was  repeatedly  ob- 
tained by  finding  in  the  ignited  product  as  sulphate  soluble  in 
hydrochloric  acid  exactly  all  the  sulphur  that  the  cement  or  mix- 
ture originally  held  in  both  sulphate  and  sulfdiide  condition.  Such 
a  complete  change  can  be  effcfcted  in  a  short  time  and  without 
any  need  to  be  very  cautious  in  applying  the  heat.  It  may  be 
turned  on  nearly  full  at  the  start. 

In  all  my  experiments,  ignitions  were  effected  in  covered  plat- 
inum crucibles  of  about  20  grams  weight.  Chemist  No.  i  fol- 
lowed the  practice  recommended  by  me  of  fitting  the  crucible  in 
a  hole  in  asbestos  board,  but  removed  the  cover,  and  in  this  last 
fact  lies  the  explanation  of  the  excessive  time  required  by  him  for 
securing  constant  weight,  and  the  too  low  results  when  obtained. 
My  experiments  show  that  even  without  the  protection  afforded 
by  the  asbestos  board  there  need  be  no  great  error  with  an  in- 
clined blast  if  only  the  precaution  is  taken  not  to  let  the  flame 
envelop  the  whole  crucible,  but  only  to  impinge  strongly  against 
the  lower  third.  In  using  asbestos  board,  particles  tend  to  ding 
to  the  crucible  and  to  remain  attached  when  the  latt^  is  removed 
after  ignition;  hence,  I  prefer,  as  much  cleaner  and  no  more  ex- 
pensive in  the  end  (for. the  same  asbestos  serves  but  a  few  times), 
a  sheet-platinum  disk  with  a  hole  for  the  crucible,  the  disk  in  its 
turn  covering  a  larger  hole  in  asbestos  board.  A  further  advan- 
tage of  this  modification  is  that,  because  of  the  higher  heat  ob- 
tained than  when  the  crucible  is  in  contact  with  asbestos,  the 
duration  of  the  heating  is  shortened.  A  muffle  answers  equally 
well,  as  claimed  by  Mr.  Blount  (for  time  required  see  page  1207). 

I  have  assumed  that  the  loss  shown  when  none  of  the  sulphur 
has  as  yet  been  expelled  is  to  be  taken  as  correct,  since  in  no 
case  was  there  the  slightest  effervescence  on  dissolving  in  hydro- 
chloric acid,  nor  any  trace  of  organic  matter  left.  That  this 
assumption  is  entirely  justified  was  shown  by  the  close  agreement 

1  y.  Soe.  Cktm:  ItuL,  ai,  831. 
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(in  case  of  the  cement,  for  which  alone  could  the  calculation  be 
made)  of  this  value  with  that  obtained  as  the  algebraic  sum  of  all 
factors  entering  into  the  loss.  A  similar  agreement  appeared  in 
my  discussion  of  the  1901  series  of  analyses.  But,  because  of 
the  unavoidable  variations  in  the  heat  supply  used  by  different 
chemists,  each  one  should  ascertain,  once  for  all,  the  effectiveness 
of  his  burner,  blast,  or  muffle,  by  ascertaining,  as  I  did,  the  limit 
of  time  beyond  which  sulphur  begins  to  be  volatilized,  as  shown 
by  the  ignited  "mix'*  or  cement  yielding  less  total  sulphur  than 
before  ignition.  This  necessarily,  however,  involves  rather  more 
accurate  determinations  of  sulphur  than  most  of  those  reported 
either  now  or  in  1901. 

The  temperature  at  which  carbon  dioxide  escapes  from  calcium 
carbonate  being  so  much  lower  than  that  causing  dissociation  of 
the  sulphate,  is  the  reason  why  comparatively  brief  application  of 
heat  under  the  above  conditions  effects  complete  loss  of  carbon 
dioxide  and  little  or  none  of  sulphur  trioxide.  But  it  is  not  the 
above  mode  of  ignition  that  must  be  used  to  convert  the  slurry 
to  a  wholly  soluble  cement.    No  disk  protection  is  then  allowable. 

It  is  apparent  from  my  experiments  that  most  chemists  em- 
ployed far  too  protracted  ignition  in  determining  "loss,"  and  that 
in  extreme  cases  all,  or  nearly  all,  the  sulphur  trioxide  was  in- 
cluded in  the  loss.  But  in  many  cases  there  was  a  further  factor 
making  itself  felt,  for  long'  before  the  last  of  the  sulphur  trioxide 
is  expelled  alkali  begins  to  volatilize,  and  it  is  easy  to  remove 
all,  or  nearly  all,  in  this  manner.  The  alk&li  is  volatilized  as 
oxide  and  may  be  collected  in  quantity  on  the  under  side  of  the 
crucible  lid.  At  the  intense  temperature  of  the  rotary  cement 
furnace  this  action  must  play  an  important  part,  and  to  it  is  to  be 
attributed  the  great  loss  of  alkali,  noted  by  me  in  the  cement  of 
190 1,  as  compared  with  the  raw  "mix"  from  which  it  was  made, 
an  observation  which  is  repeated  in  the  present  case  and  must  be 
general  in  cement  burning. 

PROPOSED  MODIFICATIONS  IN  THE  COMMITTEE'S  DIRECTIONS  FOR  THE 
ANALYSIS  OF  CEMENTS. 

From  the  foregoing  it  is  apparent  that  the  committee's  method 
of  procedure  has,  in  many  respects,  not  been  subjected  to  a  fair 
or  exhaustive  trial.  Furthermore,  because  of  the  real  uncertainty 
regarding  the  quality  of  much  of  the  water  used,  the  value  of  this 
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report  is  below  what  it  would  otherwise  be.  Nevertheless,  cer- 
tain facts  have  appeared  from  my  experimental  work  in  the  light 
of  which  modifications  of  the  committee's  directions  for  the  anal- 
ysis of  Portland  cements  and  raw  mixtures  used  in  their  making 
are  in  order.   These  I  will  now  consider. 

Rendering  Raw  Material  Soluble. — ^The  committee's  direction, 
following  my  own  recommendation,  to  ignite  the  "mix"  at  an  in- 
tense heat  in  order  to  render  it  soluble  in  hydrochloric  add,  are 
thoroughly  sound  in  principle  and  in  accord  with  the  practice  o£ 
Messrs.  Stanger  and  Blount.  By  doing  this,  the  material  un- 
decomposed  by  the  acid  should,  in  no  case,  probably,  exceed  o.i 
per  cent,  of  the  sample,  and  it  is  sometimes  much  less.  By  this 
it  is  not  meant  that  no  insoluble  matter  appears  other  than  unde^ 
composed  silicates,  for  a  little  silica  is  always  separated  in  a  floccu- 
lent,  non-gelatinous,  easily  filterable  state.  The  unattacked  par- 
ticles can  always  be  detected  by  their  gritty  character  when 
touched  with  a  rod. 

Under  no  circumstances  may  a  large  residue  of  undecomposed 
matter,  found  at  this  stage,  be  evaporated  with  the  solution  to 
dryness  and  treated  as  if  it  were  silica  (as  two  or  three  chemists 
have  done  in  the  present  series  of  analyses),  for  it  may,  and 
probably  does,  contain  lime  in  addition  to  alumina,  ferric  iron,  etc. 
The  error  in  silica  and  alumina,  caused  by  this  lime  being  weighed 
as  sulphate,  after  the  hydrofluoric  acid  correction,  has  been  dis- 
cussed on  page  1188. 

The  point  has  been  raised  that  the  strongly  ignited  material 
dissolves  very  slowly,  being  dense  and  semifused.  If,  however, 
the  lumps  are  gently  pressed  upon  with  the  flattened  tip  of  a  rod 
from  the  moment  the  acid  strikes  them,  solution  becomes  a  matter 
of  no  difficulty  at  all.  In  spite  of  the  ease  with  which  this  con- 
version to  a  soluble  state  can  be  reached  in  fifteen  or  twenty 
minutes,  quite  a  number  of  chemists  failed  by  lack  of  blast  of 
sufficient  intensity.  The  committee  recommends  in  such  cases 
to  filter  off  any  undissolved  matter,  to  ignite,  to  fuse  it  with 
sodium  carbonate,  and  to  add  its  hydrochloric  acid  solution  to  the 
main  filtrate.  Had  these  directions  been  followed  in  certain  cases, 
fewer  analyses  would  have  been  thrown  out  of  court. 

In  order  to  obviate  the  need  for  a  filtration  and  fusion  of  a 
possible  residue,  one  chemist,  W.  R.  Oglesby,  recommends  to 
strongly  ignite  a  mixture  of  the  material  with  only  enough  sodium 
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carbonate  to  cause  sintering.  It  is  claimed  that  solution  in  hydro- 
chloric add  is  then  complete,  that  the  amount  of  alkali  introduced 
is  so  slight  as  to  give  rise  to  no  appreciable  error  in  subsequent 
operations,  and  that  the  necessity  for  correcting  silica  by  hydro- 
fluoric acid  is  avoided.  My  own  tests  show  that  the  first  claim 
is  well  grounded  when  even  so  little  as  0.5  gram  of  the  flux  to 
I  of  "mix"  is  employed.  But  the  reason  for  the  third  is  not 
obvious,  for  it  has  never  been  my  fortune  to  see  silica  separated 
by  evaporation  from  a  solution  containing  aluminum,  iron,  tita- 
nium, and  phosphorus,  or  even  the  first  of  these  alone,  which  was 
so  pure  that  no  contamination  was  revealed  by  the  hydrofluoric  acid 
treatment.  The  residue  is  rarely  under  i  mg.  and  may  be  twenty 
to  thirty  times  that  amount  in  special  cases  (not  cements).  My 
own  limited  experience  with  cements  shows  that  it  runs  from  i 
to  2  mg.  after  a  single  evaporation  for  silica  and  slightly  more 
after  a  double  one.  "Still,  no  strong  objection  can  be  brought 
against  this  method  of  attack  of  the  raw  mixture  on  the  score  of 
accuracy,  and  if  it  on  a  general  trial  should  meet  with  the  ap- 
proval of  cement  chemists,  there  may  be  no  objection  to  its  super- 
seding the  blast  ignition  without  addition  of  flux.  But  the  amount 
of  this  flux  should  be  rigidly  kept  down  to  the  lowest  limit,  not 
exceeding  that  given  above. 

Determination  of  Inert  Constituents  in  Cement — Mr.  Oglesby 
would  also  apply  the  above  mode  of  attack  to  cements  as  well,  but 
this  brings  up  the  question  whether  the  committee  shall  sec  fit  to 
take  account  of  the  existence  of  cements  containing  acid-soluble 
constituents  in  appreciable  amount.  These  undoubtedly  do  exist 
here,  as  well  as  abroad,  and  it  seems  reasonable  and  proper  that 
inert  constituents,  when  present,  should  be  reported  as  such  and 
not  help  to  swell  the  active  components.  But  if  the  determina- 
tion of  these  inert  constituents  is  to  be  made,  I  cannot  recommend 
that  the  directions  of  Messrs.  Stanger  and  Blount  be  followed, 
for  the  reasons  set  forth  in  my  criticism  of  certain  features  of 
their  paper,^  but  must  adhere  to  the  procedure  there  outlined  by 
myself.  I  do  not  agree  with  their  statement  that  no  foreign 
matter  is  to  be  found  with  the  silica  separated  from  cements,  nor, 
do  I  think,  will  many  others  do  so  who  look  carefully  into  the 
matter  (see  remarks  relating  to  this  point  a  few  paragraphs 
above,  page  1201). 

1  y.  Sae.  Chem.  Ind,^  Ji,  1222. 
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Solution  of  Cement  and  Ignited  "Mix" — ^Thc  committee's  di- 
rections for  dissolving  cements  and  ignited  cement  mixtures  may 
very  well  be  modified  in  the  interest  of  time-saving  by  adopting 
the  practice  of  Messrs.  Stanger  and  Blount,*  for  to  digest,  and 
especially  to  dilute  strongly,  before  evaporating  causes  quite  un- 
necessary delay.  Usually,  in  two  or  three  minutes  after  pouring 
the  acid  upon  the  moistened  cement,  solution  is  effected  and  evap- 
oration may  beg^n. 

Dehydration  of  Silica. — Messrs.  Stanger  and  Blount's  plan  of 
baking  on  a  hot  plate,  at  a  temperature  of  about  200**,  is  a  vety 
speedy  way  of  rendering  nearly  all  the  silica  insoluble  and 
saves  much  time.  It  may  be  unhesitatingly  recwnmended 
for  a  first  evaporation.  But  at  this  point  my  approval  of  their 
procedure  ceases.  I  can  refer  only  to  my  experiments  quoted  on 
page  1221^  in  refutation  of  the  claim  that  a  single  evaporaticm 
for  silica  suffices  by  their  procedure.  Their  later  results  (p.  1223) 
only  serve  to  confirm  my  objections  instead  of  overturning  them. 
If  an  error  of  over  0.2  per  cent,  in  the  alumina  is  negligible,  then 
why  do  the  authors  regard  it  necessary  to  reject,  as  unfit  for  use, 
filter-paper  which  would  introduce  into  an  analysis  an  error  of 
less  than  one-tenth  of  the  above  ?  But,  in  addition,  the  authors  do 
not  give  us  their  way  of  analyzing  the  precipitateb  of  AljOj  and 
FcjO,  in  order  to  show  that  the  amounts  of  silica  they  give  were 
all  that  these  precipitates  contained.  If  it  were  done  by  solution 
of  the  AI2O,  and  FcjO,  in  an  alkali  bisulphate,  they  obtained 
but  a  minor  ponion  probably  of  the  total  silica.  As  I  have  shown 
elsewhere,*  that  method,  as  hitherto  carried  out,  gives  utterly 
fallacious  results,  and  it  is  only  by  the  exercise  of  a  certain  pre- 
caution that  all  silica  can  be  recovered.  Even  after  two  evapora- 
tions, the  iron-alumina  precipitate  contains  usually  from  i  to  3 
mg.  of  silica.  Nor  is  this  silica  "more  likely  to  be  due  to  dust 
and  outside  impurities  than  to  residual  silica  in  the  cement  itself,"* 
if  the  water  and  reagents  were  pure. 

No  change  should  therefore  be  made  in  respect  to  the  double 
evaporation  and  filtration  for  silica.    It  is  not  important,  except 

*■  J.  Soc.  Ckem.  Ind.^  at,  1217. 
«  Ijk,  cit. 

s  This  Journal,  34.  36a. 
«y.  Soc.  Chem.  Ind.,  ai,  1233. 
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as  a  matter  of  time-saving,  whether  the  heating  of  the  separated 
silica  be  done  at  steam-bath  temperature  or  at  that  of  the  hot 
plate. 

Alumina,  Iron  Oxide,  Lime,  Magnesia. — I  do  not  feel  that  any 
fundamental  changes  in  the  directions  given  by  the  committee 
for  the  determination  of  these  constituents  are  called  for  either 
by  the  comments  of  different  writers* or  by  the  testimony  of  the 
analyses  themselves.  The  amount  of  bisulphate  to  be  used  for 
the  solution  of  the  ignited  alumina,  etc.,  should  be  reduced  from 
19  grams  to  2  or  3.  Care  should  be  taken  to  make  a  blank  ex- 
periment with  the  reagent  to  ascertain  its  silica  contents,  if  it  has 
any. 

I  agree  with  Messrs.  Stanger  and  Blount  that  quite  satisfactory 
separations  can  be  made  in  cements  and  cement  mixtures,  of 
alumina  and  iron  from  lime,  and  of  lime  from  magnesia,  by  one 
precipitation,  separations  which  would  satisfy  all  requirements 
of  the  cement  trade,  and  I  have  made  them  myself.  But  this  can 
only  be  accomplished  by  the  employment  of  really  good  reagents 
and  utensils.  With  the  ammonia  used  by  nearly  every  one,  varying 
perhaps  in  quality  originally,  not  redistilled  over  lime,  and  con- 
taminated from  the  glass  bottles,  it  is  hardly  possible  that  ac- 
curate results  can  be  obtained  by  single  precipitations.  Probably 
most  ammonia  used  contains  carbonate.  I  have  found  this  to  be 
so  with  that  which  we  buy  as  of  good  quality.  Hence,  unless 
carefully  redistilled  ever  lime,  the  aluminum  and  iron  oxides  must 
be  contaminated  by  calcium  carbonate.  Mr.  S.  S.  Voorhees,  of 
the  supervising  architect's  office  of  the  United  States  Treasury, 
finds  this  contamination  to  be  less  than  0.25  per  cent.,  but  it  may 
often  be  more  in  careless  work,  and  it  is  to  avoid  the  effect  of 
variable  errors  like  this  that  I  would  make  double  precipitations 
the  rule. 

In  the  numerous  analyses  made  by  myself  for  this  report,  I 
have  thoroughly  tested  the  time-limit  for  the  settling  of  calcium 
oxalate  after  precipitation,  and  find  that  very  little,  indeed,  is 
gained  by  allowing  to  stand  for  more  than  twenty  minutes  after 
removal  from  the  source  of  heat.  The  lime  in  the  first  filtrate 
will  hardly  ever  exceed  i  mg.  when  the  quantities  to  be  precipi- 
tated are  so  great  as  in  limestones  and  cements. 
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In  blasting  lime,  the  crucible  should  be  always  covered,  and 
it  is  advisable  that  the  blast-flame  impinge  only  against  the  lower 
part  of  the  crucible,  at  an  angle  of  about  45*.  The  flame  should 
not  envelop  the  lid  of  the  crucible,  because  when  it  does  the  con- 
tents are  ever  in  an  atmosphere  of  carbon  dioxide,  and  the  com- 
plete reduction  to  oxide  is  retarded.  The  heat  of  a  good  blast- 
lamp  is,  however,  so  many  hundred  degrees  above  the  tempera- 
ture of  decomposition  of  calcium  carbonate  that  no  difficulty  need 
be  experienced  in  getting  an  unchanging  weight,  even  if  this  pre- 
caution is  not  observed.  With  it,  however,  no  ignition  should 
ever  require  over  ten  minutes,  and  a  second  heating  is,  indeed, 
rarely  made  by  myself. 

I  now  regard  it  as  quite  unnecessary  to  blast  the  relatively  small 
amounts  of  magnesium  pyrophosphate  obtained  in  cement  analysis. 
Indeed,  if  blast  heat  is  prolonged  beyond  two  or  three  minutes, 
loss  may  ensue.  This  is  especially  so,  if  the  phosphate,  after 
blasting,  shows  siglis  of  fusion. 

If  the  double  precipitation  of  magnesium  is  to  be  retained,  I 
do  not  deem  it  at  all  essential  that  the  procedure  given  by  the 
committee  be  followed.  That  procedure,  of  Wolcott  Gibbs,  is 
designed  to  give  a  precipitate  of  normal  composition,  but  if  a 
second  precipitation  is  to  follow,  it  is  immaterial  whether  the  first 
is  of  normal  composition  or  not,  so  long  as  all  is  precipitated. 
Tlierefore,  it  does  not  seem  logical  to  boil  with  the  precipitant  in 
an  acid  solution  before  rendering  ammoniacal,  when  the  object 
can  be  more  simply  attained.  The  amount  of  precipitant  should 
be  largely  reduced  if  a  single  precipitation  only  is  intended,  and 
it  is  unnecessarily  large,  in  any  case. 

Application  of  Corrections  to  the  Foregoing  Determinations, — 
With  good  work,  little  is  gained  in  analyzing  cements  by  correct- 
ing the  ignited  silica  and  alumina  for  the  contaminations  which 
they  invariably  contain,  provided  two  evaporations  and  filtrations 
have  been  made  for  silica.  It  is  also  shown  on  page  1191,  however, 
that  the  one  correction  should  not  be  made  without  the  other,  for 
then  the  errors  on  the  alumina  may  be  large,  especially  where, 
as  is  most  always  the  case,  glass  vessels  are  used  for  the  precipi- 
tations. 

The  bisulphate  correction  for  silica  in  the  alumina  must  be 
made,  not  in  the  usual  way,  but,  in  order  to  avoid  serious  error, 
as  follows :  The  bisulphate  fusion  is  to  be  dissolved  in  water  to 
which  a  good  deal  of  sulphuric  acid  is  added,  and  then  evaporated 
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in  platinum  and  heated  till  acid  fumes  are  copiously  given  off. 
When  cool^  the  pasty  mass  is  redissolved  in  water,  digested  till 
all  but  the  flocculent  silica  is  in  solution,  then  filtered.  The  ignited 
and  weighed  silica  is  to  be  checked  by  hydrofluoric  and  sulphuric 
acids,  like  the  main  silica. 

I  have  recently  followed  J.  Lawrence  Smith's  strong  recom- 
mendation to  use  the  sodium  acid-sulj^ate  for  this  purpose  in- 
stead of  the  potassium  salt,  and  with  very  good  results.  There  is 
then  no  difficultly  soluble  potassium-aluminum  sulphate  to  dis- 
solve before  filtering  off  the  silica,  but  solution  is  speedy,  and, 
furthermore,  the  action  of  the  sodium  salt  on  the  ignited  iron- 
aluminum  oxides  is  more  energetic,  so  that  much  time  is  saved 
by  its  use.  There  is,  however,  the  disadvantage  that  the  salt  is 
far  more  difficult  to  keep  in  fusion  than  the  potassium  salt,  so  that 
the  progress  of  solution  of  the  oxides  on  the  bottom  of  the- crucible 
cannot  be  so  well  followed. 

Sulphur. — Notwithstanding  some  adverse  testimony  from 
another  source  than  the  chemists  who  have  participated  in  these 
series  of  analyses,  I  am  fully  of  the  opinion  that  the  practice  of 
not  first  removing  silica  where  small  quantities  of  sulphur  are  in 
question  is  perfectly  safe.  The  only  condition  is  that  the  silica 
must  not  be  allowed  to  gelatinize,  and  this  I  never  have  the 
slightest  difficulty  in  maintaining,  first  by  using  not  very  strcMig 
acid  for  effecting  solution  and  then  by  diluting  freely  as  soon  as 
solution  is  accomplished.  The  vessel  may  then  be  placed  on  the 
steam-bath  or  even  boiled  on  the  iron  plate  without  fear  of  gelati- 
nization  resulting.  This  mode  of  procedure  avoids  the  contamina- 
tion by  sulphuric  acid  from  the  flame  of  a  water-bath  that  is 
heated  by  gas,  which  is  certain  to  result  if  the  silica  is  first  dehy- 
drated in  the  usual  way.  When  an  oxidizing  fusion  of  the  cement 
or  mixture  is  made,  the  asbestos  or  platinum-asbestos  protection, 
mentioned  in  the  paragraph  below,  should  be  used. 

Ignitiofl  Loss, — Instead  of  igniting  over  a  free  blast-flame,  the 
covered  platinum  crucible  should  be  inserted  about  two-thirds  of 
its  depth  into  a  close-fitting  hole  in  asbestos  board,  or,  better,  in 
a  disk  of  platinum  foil  which  itself  covers  a  large  hole  in  asbestos 
board.  The  flame  should  strike  at  an  angle  of  about  45^,  and, 
when  using  the  disk,  for  thirty  minutes  with  i  gram  of  slurry  or 
limestone  mixture,  and  five  to  ten  minutes  with  a  cement.    Even 
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with  only  a  good  Bunsen  lamp  (using  the  disk)  practically  the 
same  result  can  be  reached  in  sixty  minutes  on  a  slurry  or  lime- 
stone and  in  thirty  minutes  on  a  cement.  With  a  hot,  closed 
muffle,  ten  minutes'  time  suffices  with  either  raw  mixture  or  ce- 
ment, the  crucible  being  placed  about  two  inches  from  the  door. 

But  each  chemist  should  ascertain  for  himself,  by  direct  ex- 
periment, what  his  blast  or  muffle  can  do,  and  this  he  can  best 
learn  by  experimenting  with  a  standard  material  whose  composi- 
tion is  known.  It  would  be,  in  my  opinion,  of  great  advantage 
to  all  cement  chemists  if  the  committee  would  see  to  the  prepara- 
tion of  a  large  sample  of  limestone  mixture,  sufficiently  large  to 
last  for  many  years,  which  could  be  issued  to  all  applying  for  it. 
I  select  limestone  instead  of  slurry  or  cement  on  account  of  its 
unchangeability  under  varying  atmospheric  conditions. 

CONCLUDING   RECOMMENDATIONS. 

Probably  the  most  fruitful  plan  for  arriving  at  a  method  of 
procedure  that  would  best  suit  the  conditicxis  prevailing  in  the 
majority  of  cement  works  would  be  through  a  subcommittee  oir 
a  new  conmiittee  of  not  more  than  three  \^  ell-selected  members, 
who  should  not  only*  be  analytical  chemists,  but  men  familiar  with 
cement  works.  Now  that  the  conditions  governing  acairate  work 
are  understood,  such  a  committee  should  be  able,  by  actual  experi- 
ment on  a  standard  sample  like  that  mentioned  above,  to  work 
out  a  detailed  scheme  of  analysis  that  would  be  a  satisfactory 
compromise  between  the  imperative  demands  of  the  factory  for 
immediate  results,  on  the  one  hand,  and  a  proper  regard  for 
reasonable  accuracy  on  the  other.  Such  a  method  might  be 
known  as  the  "factory  control  method,"  while  for  more  precise 
work  one  of  greater  refinement  might  be  given  in  detail  and 
its  employment  strongly  recommended,  if  not  prescribed.  While 
I  agree,  in  general,  with  &r  'ssrs.  Stanger  and  Blount  in  thinking 
that  the  consulting  chemist,  at  least,  should  be  untrammeled  in 
the  choice  of  his  methods,  it  is,  nevertheless,  unfortunately  true 
that  no  general  analytical  chemist  is  or  can  be  equally  familiar 
widi  all  lines  of  work,  nor  are  all  of  equal  judgment  in  the  se- 
lection of  methods.  Men  of  skill  and  judgn.?nt  can  often  arrive 
at  like  resulfs  by  diverse  routes,  but  it  is  certain  tnat  this  is  not 
yet  so  with  respect  to  all  of  the  stages  of  a  silicate  analysis,  even 
so  simple  a  one  as  that  of  cement,  and  till  this  condition  is 
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reached  I  think  it  were  well  to  prescribe  the  procedure  at  certain 
stages. 

But,  after  all,  no  amount  of  careful  attention  to  any  analytical 
process  is  of  much  avail  unless  the  materials  used  are  of  good 
quality.  Too  many  chemists,  as  appears  from  the  replies  furnished 
in  the  present  case,  asstmie,  without  positive  knowledge,  that  those 
used  by  them  are  satisfactory ;  others  report  one  or  the  other  as 
of  good  quality  without  giving  any  quantitative  data  in  support 
of  such  an  assertion.  No  chemist  can  be  said  to  do  justice  to  his 
employers  or  patrons  who  does  not  know  what  order  of  error  his 
results  may  include,  arising  from  impurities  in  reagents  and  the 
solvent  action  of  those  reagents  on  his  utensils,  or  from  other 
causes  either  preventable  or  admitting  of  exact  correction.  Too 
often,  beyond  doubt,  is  a  known  contamination  thoughtlessly  ex- 
cluded as  negligible  when,  in  fact,  a  quantitative  test  might  have 
shown  the  falsity  of  the  belief. 


FOURTH  5E5SION  OF  THE  INTERNATIONAL  COMMISSION 
FOR  UNIFORM  METHODS  OF  SUGAR  ANALYSIS. 

HBLD  IN  BBRUN,  GBRMANY,  JUNB  4,  I903. 
ReeriTttd  S«plMnb«r  «,  190s. 

The  following  were  present : 

Professor  Dr.  A.  Herzfeld,  chairman. 

Privy  councilor,  Prof.  Dr.  iandolt,  Berlin. 

Baron  von  Donnei^  chairman  of  the  Verein  der  am  Zucker- 
haiidel  betheiligten  Firmen,  Hamburg. 

Privy  Councilor  Koenig,  chairman  of  the  board  of  directors  of 
the  Verein  der  Deutschen  Zuckerindustrie,  Berlin. 

Professor  Dr.  Brodhun,  representative  of  the  Physikalisch- 
Technische  Reichsanstalt,  Berlin. 

Professor  Dr.  Schoenrock,  idem,  Berlin. 

Privy  Councilor  Professor  Dr.  von  Buchka,  delegate  of  the 
Kaiserliche  Reichsschatzamt,  Berlin. 

Government  Councilor  Weinstein,  representative  of  the  Kaiser- 
liche Normal  Aichuiigsamt,  Berlin. 

Government  Councilor  F.  Strohmer,  Vienna,  Austria. 
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J.  Ragot,  director  of  the  Syndkat  des  Fabricants  de  Sucre  de 
Prance. 

K  Fischmann,  director  of  the  Russian  Sugar  Manufacturers' 
Association,  Kiev. 

Dr.  Rasdikowitsch,  director  of  the  chemical  laboratory  of  the 
Russian  Sugar  Manufacturers'  Association,  Kiev. 

Francois  Sachs,  representative  of  the  SociitS  Technique  et 
Chimique  de  Sucrerie  de  Belgique,  Brussels. 

Dr.  P.  G.  Wiechmann,  representative  of  the  American  Sugar 
Refining  Company,  New  Yorlc. 

£.  Silz,  representative  of  the  Association  des  Chimisfes  de 
Sucrerie  et  de  DistiUerie  de  France,  Paris. 

A  Watt,  member  of  the  Beetrcx>t  Sugar  Association  of  Lan- 
cashire, Liverpool,  England. 

S.  Stein,  member  of  the  Beetroot  Sugar  Association  of  Lan- 
cashire, Liverpool,  England. 

Also  the  following  members  of  the  Commission : 

Dr.  C.  Ahrens,  Hamburg;  Lobry  de  Bruyn,  Amsterdam;  Pro- 
fessor Dr.  Fruhling,  Braunschweig;  Dr.  G.  Gotting,  Breslau;  Dr. 
B.  Hermann,  Hamburg;  F.  Herles,  Prague;  Dr.  A.  Langfurth, 
Altona;  Dr.  O.  Wendel,  Magdeburg;  Dr.  R.  Woy,  Breslau,  as 
well  as  numerous  other  chemists  connected  with  the  sugar  in- 
dustry. 

After  the  opening  of  the  session,  the  chairman  expressed  his 
special  thanks  to  Privy  Councilor  Landolt,  the  scientific  founder 
of  the  polariscopic  method,  as  well  as  to  Baron  von  Donner,  and 
to  Privy  Councilor  Koenig,  for  their  coming.  The  chairman  then 
outlined  the  previous  work  of  the  Commission. 

He  requested  Mr  Francois  Sachs,  of  Brussels,  and  Dr.  F.  G. 
Wiechmann,  of  New  York,  to  again  undertake  the  editing  of  the 
French  and  of  the  English  text  of  the  proceedings. 

The  sets  of  quartz-plates  which  had  been  selected  by  the  Physic 
kalisch-Technische  Reichsanstalt  in  Berlin,  and  which  had  been 
tested  in  the  laboratory  of  the  Verein  der  Deutschen  Zuckerin- 
dustrie  as  to  their  sugar  value,  have  been  distributed  to  proper 
central  stations  of  the  countries  interested,  and  there  are  kept  at 
the  disposal  of  chemists.  These  plates  have  been  tested  in  almost 
all  of  die  countries  which  have  received  the  sets,  and  have  been 
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found  correct.  Some  of  these  stations  have  thus  far  not  made  a 
report  as  to  the  results  of  this  reexamination,  and  such  a  report 
is,  therefore,  requested. 

Execution  of  the  Paris  agreement,  according  to  which  chemi- 
cally pure  sugar  is  to  be  used  for  the  adjustment  of  polariscopes 
and  for  the  testing  of  plates,  has,  in  some  countries,  met  with 
diiSculties  because  they  could  not  succeed  in  preparing  chemically 
pure  sugar.  The  laboratory  at  Berlin,  therefore,  offers  to  furnish 
chemically  pure  sugar. 

In  the  determination  of  invert-sugar,  a  difficulty  has  arisen, 
inasmuch  as  the  English  chemists  have,  of  late,  again  declared 
against  the  clarification  with  basic  lead  acetate;  the  Commission 
will,  therefore,  have  to  seek  means  and  methods  to  prevent,  in  this 
respect,  loss  of  uniformity,  now  secured  in  the  methods  of  analysis. 

THE  DAY^S  PROCEEDINGS, 

(I)  "Report  concerning  practical  experiences  made  with  the 
uniform  methods  of  analysis  agreed  upon  in  Paris." 

Doctor  Hermann  delivered  an  address  on  this  topic;  this  is 
published  in  the  Zeitschrift  des  Vereins  der  Deutschen  Zucker- 
Industrie.  The  speaker  was  of  the  opinion  that  numerical  proofs 
of  the  success  of  the  Paris  agreement  could  not  be  adduced,  yet 
the  fact  could  be  stated  that  the  differences  have  decreased  in 
number.  To  avoid  a  warming  of  the  polariscc^e  tubes  in  hand-* 
ling,  he  recommended  covering  the  same  with  rubber. 

Privy  Councilor  Professor  Dr.  von  Buchka  made  the  following 
statements : 

The  International  Commission  for  Uniform  Methods  of  Sugar 
Analysis  decided,  in  the  year  1900,  that  the  determination  of  in- 
vert-sugar in  raw  sugars  is  to  be  carried  out  according  to  the 
method  of  Prof.  Dr.  A.  Herzfeld.  It  seems  desirable  to  abandon 
this  method  and  to  prepare  Fehling's  solution  in  such  a  manner 
that  the  weighed  constituents  be  brought  into  solution  with  water, 
up  to  one  liter.  This  would  be  in  accordance  with  the  method 
otherwise  customary  in  the  preparation  of  normal  solutions.  This 
method  of  procedure  has,  moreover,  been  adopted  in  the  official 
directions  for  the  analysis  of  wine,  decreed  in  Germany  in  the 
year  1896.  It  seems  desirable  that  the  manner  of  preparing  Feh- 
ling's  solution  be  always  the  same,  whatever  purpose  the  sugar 
determinations  may  have  to  serve. 
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Professor  Dr.  Herzfeld  replied  that  Herzfeld's  method  differs 
from  the  method  used  in  the  examination  of  wines,  not  only  in  the 
manner  of  preparing  Fehling's  solution,  but  also  in  the  employ- 
ment of  a  definite  heating  surface.  A  further  essential  difference 
is  the  fact  that  the  reaction  is  suddenly  interrupted  after  two 
minutes  by  the  introduction  of  cold  water.  On  this  account  all 
tables  which  have  been  prepared  by  Meissl  and  others  are 
of  no  value,  unless  one  is  also  willing  to  return  not  only  to 
Soxhlet's  Fehling's  solutilDn,  but  also  to  the  antiquated  working 
methods  for  which  these  tables  have  been  established. 

In  the  determination  of  invert-sugar,  the  lo  grams  of  cane- 
sugar  which  are  dissolved  in  Fehling's  solution  exert  a  gr^t  in- 
fluence on  the  amount  of  copper  reduced.  It  would,  therefore,  be 
dangerous  to  alter  the  concentration  of  the  solution  before  this 
influence  shall  have  been  carefully  studied,  and  a  decision  arrived 
at  as  to  whether  it  might  not  be  necessary  to  establish  a  new 
table  for  the  solutions  made  thus  differently. 

Mr.  Pellet  declares  himself  as  opposed  to  the  use  of  basic  lead 
acetate  as  a  clarifying  reagent,  and  for  the  heating  of  the  solution 
to  reduce  the  copper  on  the  water-bath,  instead  of  over  the  naked 
flame. 

Government  Councilor  Strohmer  believed  that  he  might  declare 
in  the  name  of  the  Austrian  chemists  that  they  agree  with  the 
remarks  made  by  Professor  Herzfeld,  for  a  change  in  the  manner 
of  preparing  Fehling's  solution  would  necessitate  a  change  of 
tables  for  the  determination  of  invert-sugar,  that  is  to  say,  would 
amount  to  a  change  of  the  method  itself.  Commerce  has  adopted 
Herzf  eld's  method.  Each  produce-exchange  demands,  in  the  cer- 
tificate, determinations  of  invert-sugar  according  to  Herzfeld.  If 
the  method  were  to  be  changed,  the  consent  of  commerce  would 
have  to  be  secured.  It  was  the  determination  of  invert-sugar 
which  held  back,  for  so  long,  the  introduction  of  uniform  methods, 
and  Mr.  Strohmer  expresses  the  wish  that  this  agreement,  which 
was  so  difficult  to  bring  about,  may  not  again  be  disturbed  so  soon 
by  the  introduction  of  a  new  method  of  preparing  Fehling's  solu- 
tion. Dr.  Woy  next  presented  an  additional  report  (ad,  J.)  of  the 
day's  program.  He,  too,  is  unable  to  present  data  which  cover  all 
Germany,  but  in  a  compilation  of  Silesian  analyses,  made  in 
duplicate,  he  made  the  observation  that  series  of  analyses  which 
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were  in  excellent  agreement  were  suddenly  interrupted  by  series 
which  exhibited  serious  differences,  and  that  in  such  cases  the 
super-analysis  also  did  not  tally  with  the  series  of  the  former 
analyses,  but  at  times  represented  an  accurate  average.  In  such 
cases  only  the  samples  can  have  been  the  cause  of  the  differences. 

He  recommends  the  collecting  of  such  cases  in  order  to  deter- 
mine, numerically,  how  often  greater  differences  arise  and 
whether,  in  such  cases,  the  fault  is  to  be  ascribed  to  the  method, 
the  analyst,  or  the  taking  of  the  sample.  Furthermore,  he  desires 
a  more  exact  definition  of  the  maximum  amount  of  basic  lead 
acetate,  and  of  aluminum  hydrate,  allowable,  in  order  to  exclude, 
as  far  as  posible,  the  source  of  error  inherent  in  the  volume  of  the 
precipitate. 

Dr.  Koehler-Maltsch  was  of  the  opinion  that  differences  which 
still  occur  in  polarizations  must  be  ascribed  to  faulty  graduation 
of  the  flasks. 

The  Commission  decided  to  elect  a  Sub-commission  for  the 
elucidation  of  the  questions  at  issue.  This  Sub-commission  is  to 
consist  of  Messrs.  Watt,  Wiechmann  and  Strohmer,  and  is  to 
study  especially  the  question  of  clarification  by  basic  lead  acetate, 
as  well  as  the  question  of  a  change  in  Fehling's  solution.  Privy 
Councilor  von  Buchka  promises  his  assistance  in  these  investiga- 
tions. 

(II)  "The  valuation  of  'Sand'  and  'Krystallzucker"  in  Inter- 
national trade." 

Government  Councilor  Strohmer,  of  Vienna,  discussed  this 
question.  His  lecture  is  printed  in  the  Zeitschrift  des  Vereins 
der  Deutschen  Zuckerindustrie.  The  address  evoked  no  dis- 
cussion. 

(III)  "Introduction  of  International  uniform  directions  for 
sampling  raw  sugars."  Mr.  Wiechmann  stated  that  he  consid- 
ered it  to  be  very  desirable  that  a  lOO  per  cent,  sample  be  taken, 
that  is  to  say,  a  sample  from  every  package  wherever  this  may 
prove  at  all  possible.  Furthermore,  he  added  that  great  attention 
ought  to  be"  paid  to  the  manner  in  which  samples  are  taken,  for, 
otherwise,  very  peculiar  results  would  be  secured,  especially  with 
raw  sugars  of  lower  grades. 

Director  S.  Stein,  Liverpool,  explained  that  in  England  sugar, 
on  importation,  has  to  pay  duty  according  to  polarization.    It  is  of 
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great  importance  that  for  this  purpose  the  same  sample  be  used 
which  is  used  in  effecting  the  purchase.  The  English  authorities 
found  very  marked  differences  between  their  analyses  and  the 
results  which  the  refineries  declared.  The  cause  of  this  is  to 
be  sought  in  the  different  manner  of  sampling  the  sugar.  It 
is  very  difficult  to  obtain  a  correct  average  sample,  especially  of 
cane-sugar.  As  is  known,  cane-sugar  is  put  up  in  different  kinds 
of  packages.  For  instance,  in  bags,  in  mats,  in  hogsheads,  etc. 
Furthermore,  a  cane-sugar  is  not  homogeneous,  but  varies  in 
composition  in  different  parts  of  the  package.  Thus,  in  cane- 
sugar,  syrups  and  semifluid  masses  occur.  All  this  has  to  be 
taken  into  consideration.  It  is  necessary  that  the  sampling  be 
done  in  such  a  manner  that  the  sample  drawn  be  truly  represen- 
tative of  the  sugar.  Sampling  shall  be  done  in  such  a  way  that 
the  sample  shall  be  taken  from  different  parts  of  the  package,  and 
at  one  time.  It  is  well  known  that  stored  sugar  changes  its  com- 
position. A  .sugar  which  has  a  certain  composition  to-day  has  a 
different  composition  one  or  two  months  hence.  It  is  also  neces- 
sary that  the  sampling  be  done  on  a  given  ntmiber  of  bags  or 
packages.  Mr.  Stein,  therefore,  advised  the  adoption  of  a  reso- 
lution or  the  addressing  of  a  request  to  the  International  Com- 
mission to  consider  what  points  of  view  should  necessarily  be 
bofme  in  mind  in  order  that  uniform  sampling,  especially  of  cane- 
sugars,  may  be  achieved.  The  speaker  is  confident  that  the  con- 
clusions of  such  a  forum,  in  this  most  important  matter,  would 
prove  binding  and  elucidating. 

At  the  request  of  the  chairman,  Mr.  Wiechmann  agreed  to  pre- 
pare a  compilation  of  the  different  directions  which  are  in  force 
in  the  various  countries  interested  in  the  sugar  industry,  and  to 
submit  this  preliminary  report  to  the  Sub-commission,  consisting 
of  Messrs.  Wiechmann,  Watt  and  Strohmer. 

It  was  the  general  opinion  that  it  was  necessary  to  consult  ex- 
pert chemists  more  than  has  been  done  heretofore  in  the  drawing- 
up  of  working  directions  for  samplers. 

(IV)  and  (V)  "Influence  of  temperature  on  the  specific  rota- 
tion of  sucrose,"  and  "Introduction  of  temperature-corrections 
when  the  temperature  of  observation  differs  from  the  tempera- 
ture of  20**  C,  which  has  been  accepted  as  the  normal  tempera- 
ture."   These  two  topics  were  disposed  of  together. 
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Dr.  Schoenrock  discussed  the  first-named  of  these  subjects. 
His  address  is  printed  in  the  Zeitschrift  des  Vereins  der 
Deutschen  Zuckerindustrie. 

In  the  discussion  of  this  address,  Mr.  Wiechmann,  while  ex- 
pressing appreciation  of  Schoenrock's  labors,  declared  against 
the  introduction  of  corrections  to  polarizations  obtained  in  actual 
practice.  Professor  Herzfeld  took  the  same  position,  because, 
besides  the  variations  in  specific  rotation,  still  other  factors  come 
into  play,  for  instance,  the  variable  amount  of  evaporation  which 
takes  place  on  filtering  the  solution. 

Professor  Brodhun  remarked  that,  if  correct  corrections  are  ap- 
plied, correct  results  must  be  obtained.  It  was  decided  that  the 
individual  members  of  the  Commission,  for  the  present,  are  to 
study  the  question  of  corrections  on  their  own  account. 

(VI)  "Determinations  of  the  sugar  subject  to  duty  or  bounty 
contained  in  saccharine  products  and  fruit  preserves." 

In  this  connection,  the  chairman  read  a  paper  prepared  by  Mr. 
H.  W.  Wiley,  of  Washington,  who,  to  the  regret  of  those  as- 
sembled, was  prevented  from  attending.  The  chairman  closed 
his  remarks  with  the  words  that  the  point  of  view  taken  by  Mr. 
Wiley  would  probably  meet  with  the  unanimous  approval  of  the 
Commission.    There  was  no  objection  to  this  comment. 

(VII)  "Chemical  control  as  an  aid  to  the  Entrepot-system 
sanctioned  by  the  Brussels  convention." 

The  printed  address  of  Professor  Herzfeld,  on  this  subject, 
was  in  evidence.  It  also  appeared  in  the  Vereinsseitschrift  There 
was  no  debate  on  this  address. 

The  following  papers,  which  figured  on  the  program  of  the 
Congress  of  Applied  Chemistry,  were  also  disposed  of  during  the 
session  of  the  Commission. 

(i)  Lecture  of  Mr.  Wiechmann  on  "A  restant  source  of  error 
in  optical  sugar  analysis."  The  question  of  the  influence  of  the 
basic  lead  acetate  precipitate,  discussed  by  Mr.  Wiechmann,  is  to 
be  further  studied. 

(2)  Lecture  of  Mr.  Dupont:  ."Sur  1'  unification  des  ichelles 
saccharimetriques  et  I'adoption  d'une  echelle  &  poids  normale  de 
20  grammes." 

Mr.  Dupont  was  not  present.  Decision  on  his  proposition  to 
introduce  a  normal  weight  of  20  grams  is  deferred. 
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(3)  and  (4)  A  paper  by  Mr.  David  R.  Davoll :  "A  study  in  the 
determination  of  raffinose,"  and  a  paper  by  the  same,  "Should 
raffinose  be  considered  as  non-sugar  in  calculating  the  quotient 
of  purity  ?"  were  presented  in  print.  There  was  no  discussion  of 
these  papers. 

(S)  A  lecture  by  Mr.  Sachs:  "Shall  chemical  measuring  in- 
struments be  graduated  according  to  the  old  Mohr  method,  or 
according  to  the  new  official  method  of  France  and  Germany?'* 
A  discussion  followed  this  address.  Professor  Weinstein  and 
Privy  Councilor  von  Buchka  stated  their  opinion  to  be  that  a 
single  section  should  not  adopt  a  resolution  in  this  matter,  and 
declared  a  return  to  Mohr's  method  a  step  backwards.  Mr.  Fran- 
cois Sachs  disputed  the  latter  assertion. 

The  meeting  then  adjourned. 

F.  G.  WiECHMANN,  Secretary. 


NOTE. 


On  the  Emulsifying  Action  of  Soap. — Experiments  on  the 
emulsifying  power  of  soap  solutions  have  been  recently  published 
by  H.  W.  Hillyer.*  In  these  it  is  shown  that  the  effect  is  due  to 
the  lowering  of  the  interfacial  tension  at  the  interface  oil-soap 
solution,  caused  by  the  non-hydrolyzed  soap  contained  in  the 
aqueous  solution.  The  variation  of  interfacial  tension  with  the 
concentration  of  the  soap  solution  was  quantitatively  studied  by 
Hillyer  by  means  of  a  dropping  pipette. 

It  may  be  remarked,  however,  that  not  only  have  exactly  similar 
conclusions  been  arrived  at  previously  by  me,  but  they  have  been 
obtained  by  an  almost  identical  method  and  pulished  in  one  of 
the  most  universally  read  scientific  journals.* 

Doubtless  my  paper  must  have  escaped  Mr.  Hillyer's  notice, 
for  in  his  second  paper  he  refers  to  himself  as  a  pioneer.  In  my 
experiments,  drops  of  a  neutral,  fatty  oil  (or  of  a  neutral  hydro- 
carbon oil)  containing  a  specified  amount  of  free  aliphatic  acid 
were  allowed  to  ascend  through  an  alkali  solution  of  known 
strength.     My  first  experiments  (not  published)  were  made  by 

t  This  Joonial,  95,  511.  534  (>903)- 
*  Ztschr.  phys.  Chtm.,  31.  43  (1899). 
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allowing  drops  of  a  neutral  oil  to  ascend  through  an  aqueous  soap 
solution,  but  this  method  was  abandoned  in  favor  of  the  former 
one,  owing  to  uncertainty  as  regards  the  amount  of  hydrolysis  in 
the  soap  solution.  If  Mr.  Hillyer  will  refer  to  a  recent  paper  by 
Krafft,^  which  also  seems  to  have  escaped  his  notice,  he  will  find 
that  a  perfectly  pure  "soap"  solution  will  not  emulsify  a  neutral 
oil.  This  effect  appears  to  occur  only  when  the  soap  solution  con- 
tains an  excess  of  free  alkali  (or  even  alkaline  chloride).  From 
this  it  would  seem  that  the  lowering  of  interfadal  tension  and 
consequent  emulsification  are  due  to  the  production  at  the  interface 
of  a  colloidal  layer  or  membrane. 

In  conclusion,  although  Mr.  Hillyer's  paper  forms  an  interest- 
ing ccmtribution  to  an  interesting  subject,  it  is  necessary  to  point 
out  that  neither  his  main  conclusion  nor  the  method  by  which  it 
was  obtained,  is  new.  F.  G.  Donnan. 

ROTAL  COLLBOB  OP  SCISNCB,  iRBLAlfl), 

Angnst,  I9i>3. 
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Chbicistry  op  thb  Dyb-Stupfs.  By  Dr.  Gborg  von  Gborgisvics,  Pro- 
fessor of  Chemical  Technology  at  the  Imperial  and  Royal  Stisite  Tech- 
nical School  at  Bielitz.  Translated  from  the  second  German  edition  by 
Charz^BS  Saltbr.  London :  Scott,  Greenwood  &  Co.;  New  York  :  D. 
Van  Nostrand  Co.    1903.    vi  +  402  pp.    Price,  |4-50  i^et 

This  book,  originally  designed  to  form  a  section  of  a  text-book 
on  the  "Technology  of  the  Textile  Fibers,"  was  afterwards  modi- 
fied into  a  separate  volume,  chiefly  in  order  to  render  it  more 
accessible  to  chemists  interested  in  the  chemistry  of  dye-stuffs 
rather  than  in  the  dyeing  and  doth-printing  industries.  For  this 
reason,  all  particulars  relating  to  the  application  of  the  dye-stuffs 
are  relegated  to  the  author's  companion  volume — "Chemical  Tech- 
nolc^  of  the  Textile  Fibres." 

The  aim  of  the  author  has  beea  to  provide  a  text-book  present- 
ing to  the  student,  in  as  lucid  and  condensed  a  form  as  possible, 
the  extremely  wide  domain  of  the  modem  chemistry  of  the  dye- 
stuffs. 

1  Ztschr.pkxs.  Ckem.,  39,  372  (1903). 
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Care  has  been  taken  to  bring  into  prominence  all  the  relations 
known  to  exist,  between  the  various  dyes  and  groups  of  dyes,  as 
well  as  the  connection  between  color  and  constitution,  as  the 
proper  appreciation  oi  these  relations  form  the  main  object  of  the 
study  of  the  chemistry  of  the  dye-stuffs.  An  endeavor  has  also 
been  made  to  clearly  define  the  true  importance  attaching  to  the 
several  dye-stuffs,  whether  theoretical,  practical,  or  historical. 

Owing  to  the  rapid  progress  itiade  in  connection  with  the  dye- 
stuffs  since  the  appearance  of  the  first  edition  of  this  book,  the 
sections  dealing  with  the  azo  dyes,  the  triphenylmethane  dyes,  the 
phthaleins,  and  the  azines  have  been  considerably  modified,  while 
those  treating  of  the  flavones  and  the  sulphur  dyes  are  entirely 
new. 

The  author  has  had  the  advantage  of  the  very  valuable  assist- 
ance of  Dr.  C.  Duisberg,  Director  of  the  Farbenfabriken,  formerly 
Friedrich  Bayer  &  Co.,  of  Elberfeld,  in  reading  the  manuscript 
of  both  editions. 

The  book  is  an  excellent  one  and  can  be  heartily  recommended 
to  those  desiring  to  study  the  chemistry  of  the  dye-stuflfs.  The 
translator  has,  however,  omitted  several  features  of  the  original 
and  thus  made  the  translation  decidedly  inferior  to  it.  For  ex- 
ample, in  the  original  only  the  most  important  facts  are  printed 
in  large  type,  detailed  information  being  given  in  smaller  type. 
This  was  of  gp-eat  advantage  to  the  beginner,  as  he  could  omit 
that  part  of  the  book  printed  in  small  type  and  yet  have  a  com- 
plete survey  of  the  subject.  In  the  translation,  everj'thing  is  printed 
in  the  same  type,  whether  it  is  important  or  unimportant,  and  in 
several  instances  information,  which  in  the  original  wais  contained 
in  foot-notes,  has  been  put  into  the  body  of  the  book. 

Again,  the  table  of  abbreviations,  contained  in  the  original,  has 
been  left  out  of  the  translation,  but  the  abbreviations  are  used. 
This  is  a  very  important  matter,  for  these  abbreviations  are  used 
on  nearly  .every  page  of  the  book.  How  is  a  student  to  know, 
without  being  told,  that  the  letters  B.  or  B.  A.  S.  F.  after  the 
name  of  a  dye-stuff  mean  that  that  dye  is  made  by  the  Badische 
Anilin  und  Soda  Fabrik. 

The  special  literature  of  the  dye-stuffs,  given  at  the  end  of  the 
book,  has  also,  been  omitted  from  the  translation,  so  that,  if  the 
reader  is  interested  in  a  particular  group  of  dyes  and  wishes  to 
know  where  the  original  sources  of  the  information  contained  in 
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the  book  are  to  be  found,  he  would  have  to  go  to  the  German 
edition  of  the  book. 

The  translation  contains  several  inexcusable  mistakes.  For  ex- 
ample, on  page  3  the  statement  is  made  that  aniline  is  a  dye-stuff, 
and  on  pages  52  and  53  that  nitroso-compounds  are  formed  when 
sulphurous  acid  is  allowed  to  act  on  phenols.  The  German  terms 
benzol  and  toluol  are  used  thrmighout  the  book  in  place  of  benzene 
and  toluene.  On  pages  62  and  63,  sodium  nitrate  is  used  for 
sodium  nitrite  in  diazotizing  salts  of  primary  amines. 

Those  who  read  German  at  all  readily,  will  find  it  advantageous 
to  purchase  the  German  edition  of  the  book.  For  those  who  read 
only  English,  the  translation  is  the  best  book  on  the  subject  now 
available,  notwithstanding  the  many  errors  of  translation. 

W.  R.  Orndorff. 


Les  Derives  Tartriques  du  Vin.  Par  Le  Dr.  P.  Carles.  Troisi^me 
Edition.  Bordeaux  :  Ferct  et  Fils  ;  Paris  :  Libraires  Associ^s,  Bditeurs. 
1903.     169  pp.     Price,  4  fr.  50.    Franeo  poste,  4  fr.  80. 

The  brochure  before  us,  in  its  third  edition,  offers  the  results 
of  years  of  study  and  practice  in  the  recovery  and  utilization  of 
the  tartaric  products  obtained  from  wine  and  its  residue,  and 
its  value  has  been  recognized  by  the  Institut  de  France  in  the 
award  of  the  Montoyon  prize  Of  2000  francs  to  the  author.  It  is 
well  worthy  of  the  careful  consideration  of  those  interested  in 
tartaric  materials.  In  his  valuable  little  work.  Dr.  Carles  dis- 
cusses the  methods  whereby  these  products  are  recovered  and  the 
different  forms  in  which  they  are  sent  to  the  market.  This  is 
followed  by  thorough  discussion  of  the  analytical  methods— de- 
scribed in  detail — which  are  employed  for  the  valuation  of  the 
various  crude  products.  Generally  these  consist  in  (i)  deter- 
mination of  the  quantity  of  potassium  bitartrate  (the  "actual  test" 
of  the  United  States),  (2)  the  determination  of  the  total  tartaric 
acid  present  as  potash  and  lime  salts  ("total  test"). 

The  first  is  comparatively  simple  and,  according  to  Dr.  Carles 
as  well  as  in  the  experience  of  the  reviewer,  gives  accurate  results 
The  second  is  complicated  by  the  presence  of  various  foreign 
substances  in  the  crude  tartars,  and  the  method  of  Goldenberg, 
Geromont  &  Co.,  most  widely  employed,  often  gives  results  which, 
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according  to  Dr,  Carles,  are  low  in  pi:oportion  to  the  quantity 
and  character  of  the  non-tartaric  constituents  in  the  material  to  be 
tested.  To  avoid  these  difficulties,  Dn  Carles  has  devised  a 
method  in  which  the  total  tartaric  acid  is  precipitated  and  weighed 
as  tartrate  of  lime. 

Discussing  the  choice  of  methods  to  be  employed,  Dr.  Carles 
says:^  "^Reviewing' what  has  been  said,  we  see  that  we  must 
sep^i:^^  and  determine. 

''i.*  Potassitun  bitartrate' alone. 

'*2.  Taitaric  acid  existing  in  mixtures  of  potassium  bitartrate 
and  calcium  tartrate. 

"3.  Tartaric  acid  existing  as  tartrate  of  lime. 

"For  potassium  bitartrate  alone,  in  form  of  crude  tartar,  the 
same  value  is  to  be  accorded  to  the  methods  of  Teschemacher, 
Klein,  and  the  'A(itual.' 

"For  lees,  particularly  low-gracie,  viscous  and  gummy,  the 
American  'actual  test'  is  the  best. 

"For  mixed  tartrates^  with  predominance  of  bitartrate,  of  value 
simply. for  the  content  of  tartaric  acid,  the  Goldenberg  method 
of  1898  is  to, be  recommended. 

"When  tartrate  of  lime  is  of  importance  or  predominates  in  a 
crude  tartar,  the  method  o£  Carles,  of  1903,  is  preferable. 

"For  factory  residues,  containing  phosphates  of  iron,  lime  and 
alumina,  piaster  and  tartaric  acid,  in  unknown  forms,  there  is 
little  choice  between  the  method  of  Goldenberg  of  1898.  and  that 
of  Carles  of  1903." 

The  author,  furthermore,  discusses  adulteration  of  crude  tar- 
tars, a  subject  of  interest  and  importance  to  refiners.  In  addition 
to  this,  attention  is  given  to  the  many  details  of  the  tartar  indus- 
try, oflEering  information  obtained  by  long  experience  and  of  value 
to  all  interested  in  the  important  industry  under  consideration 

In  his  letter,  transmitting  his  book.  Dr.  Carles  says:  "I  shall 
be  happy  to  send  other  .copies  of  the  book  to  those  of  your  mem- 
bers who  may  wish  it,  or  to  those  of  your  manufacturers,  who  may 
ask  for  it,"  It  is  practically  the  sole  authoritative  exposition  of 
the  subject,  and  it  is,  therefore,  of  great  practical  value. 

Wm.  McMurtrie. 
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DSSCRXPTXVB  CHSMI8TRT.  Bt  Ltman  C.  Nbwbza,  PH.D.,  Inttrnctor  IB 
Chemiatry,  SUte  Normal  School,  Lowell,  Mass.  D.  C.  Heath  8l  Co. 
1903.    590  pp. 

The  success  of  the  author's  "Experimental  Chemistry"'  caused 
the  issuance  of  a  readable  "Descriptive  Chemistry"  from  the  same 
publishers.  The  book  is  divided  into  two  parts :  The  first  "con- 
tains the  text,  together  with  exercises  and  problems" ;  the  second 
gives  the  experiments  (179  in  number).  To  the  former  is  added 
an  appendix  with  the  metric  system,  valuable  problems,  enough 
of  crystallography,  some  history  and  biography,  table  of  atomic 
weights,  and  a  wholesome  list  of  reference  books.  To  the  second 
is  added  sane  advice  concerning  equipment  of  the  laboratory  and 
generous,  but  economic,  utilization  of  the  necessary  chemicals 
for  the  course  given. 

In  passing  opinion  upon  a  book  of  this  class,  one  is  confronted 
with  the  extreme  points  of  view  advocated  for  an  elementary 
course  in  chemistry ;  vUf.,  it  should  be  for  the  accumulation  of  a 
large  number  of  facts  or  for  general  culture  purposes  and  training 
in  scientific  methods.  It  is  a  distinct  success  in  the  former  and 
does  not  fail  in  the  latter,  altogether.  Decidedly,  the  modem 
trend  has  been  to  follow  the  periodic  system  (whether  it  be  true 
or  not,  is  not  the  question),  or  quickly  lead  to  it.  In  this  book, 
the  periodic  classification  of  the  elements  is  arrived  at  only  after 
one  has  read  398  pages,  just  38  pages  before  the  close  of  the  text 
proper. 

The  use  of  formulas  is  so  gradually  introduced  that  the  student 
does  not  become  frightened.  Chapter  IX,  on  Equivalents,  Quan- 
titative Significance  of  Equations,  is  particularly  clear,  while 
Chapter  X,  on  Light,  Heat^  Electricity  and  Chemical  Action,  is 
clever  and  holds  the  attention. 

R^rding  the  theory  of  electrolytic  dissociation  or  ionization, 
one  would  prefer  reading  "most  recently  put  forward"  instead 
of  "now  generally  held."  Many  o{  the  modem  practices  are 
clearly  explained  in  large  type,  often  with  illustrations,  as,  for 
example,  the  Castner  process.  Pine  print  suffices  for  the  LeUanc 
and  Solvay  processes. 

The  arrangement  which  brings  into  consideration  the  carbon 
oxides,  cyanogen,  sulphocyanates  and  potassium  ferrocyanide  be> 
fore  methane,  etc.,  or  even  before  the  student  has  been  introduced 
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to  sulphur,  may  be  questionable,  or  only  a  matter  of  opinion.  On 
page  1 8,  the  negative  sign  is  omitted  before  the  figures  for  the 
boiling-point  of  oxygen.    All  sapphires  are  by  no  means  blue. 

We  like  the  remark  under  the  photogravure  of  Joseph  Priest- 
ley, "the  discoverer  of  oxygen,"  better  than  that  under  Sir 
Humphry  Davy,  "the  famous  English  chemist  whose  brilliant 
discoveries  have  never  been  surpassed." 

The  experiments  hi  Part  II  are  not  only  carefully  selected,  but 
are  accompanied  with  searching  questions.  To  be  sure,  in  some 
cases  (p.  485),  the  answers  are  given  in  the  next  paragraph. 

The  typography  is  all  right  and  the  index  shows  the  care  ex- 
ercised in  the  making,  for  it  is  excellent.  After  all,  the  question 
to  which  a  text-book  should  answer  is,  "Is  it  teachable"?  The 
answer  here  is  an  emphatic  affirmative.       Chas.  Baskekviixe. 

Snmji  Method  vor  Tbsting  Paintbrs'  Matbriai^s.  By  A.  C.  Wright, 
M.A.,  B.Sc  London :  Scott,  Greenwood  &.  Co.;  New  York :  D.  Van 
Nostrand  Co.  163  pp.  8  illnstrations.  Fiivt  Edition,  1903.  Price, 
$2.50  net 

The  author  states,  in  his  preface,  that  the  book  is  designed  to 
enable  the  painter  and  paint-dealer  to  test  and  value  the  materials 
they  buy,  and  the  manufacturer  and  dealer  the  samples  submitted 
to  them,  in  the  simplest  manner,  both  in  rtgasd  to  practical  prop- 
erties and  composition,  the  latter  term  used  more  in  a  manu- 
facturing than  in  a  purely  chemical  sense. 

In  a  short  introduction  the  author  emphasizes  the  necessity  of 
testing  pigments  and  paints,  and  establishing  and  preserving  refer- 
ence standards.  Some  30  pages  are  next  deVoted  to  a  description 
of  the  s^paratus  and  reagents  to  be  used  in  the  tests.  The  re- 
maining 117  pages  are  devoted  to  &  discussion  of  the  mechanical 
and  chemical  properties  and  tests  for  impurities  of  dry  and  paste 
colors,  liquid  and  gloss  paints,  varnishes,  driers,  linseed  oil  and 
turpentine. 

A  bode  of  this  kind  must  necessarily  be  incomplete  and,  to  some 
extent,  unsatisfactory.  It  is  true  that  there  are  many  tests,  for 
impurities  and  inferior  or  debased  quality  that  can  be  made  by 
the  class  to  which  this  book  is  mainly  addressed— dealers  and 
practical  paint-users — ^and  confidence  placed  in  the  results.  But, 
on  the  other  hand,  there  are  many  varieties  of  paints  and  oils  on 
the  market  whose  quality  can  only  be  judged  by  the  analyses  of  a 
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competent  chemist,  analyses  that  are  too  difficult  and  require  too 
much  apparatus  to  be  attempted  by  the  layman.  The  author 
recognizes  this  difficulty  and  very  properly  cautions  against  a 
charge  of  fraud  on  the  part  of  the  manufacturer  or  dealer,  unless 
based  on  the  analysis  of  a  chemist. 

The  various  tests  given  are,  for  the  most  part,  qualitative,  and 
in  full  detail,  the  varieties  of  paints  most  in  use  being  treated 
at  length.  Besides  the  tests  that  are  well  known,  several  not  in 
common  use,  are  described.  The  book  is  well  worth  the  price  to 
the  user  of  paints  and  contains  much  information  on  the  subject 
that  he  will  appreciate,  and  the  general  analyst  also  will  find  many 
points  that  will  be  of  assistance  in  his  analytical  work.  The  proof- 
reading has  been  carefully  done,  though  a  few  sentences  read 
strangely — as  where  he  speaks  of  the  "efflorescence  of  carbonic 
acid"  on  warming  lead  carbonate  with  dilute  nitric  ^cid. 

The  printing  and  paper  are  up  to  the  standard  of  the  publishers, 
and  the  book  has  a  good  index.  Frank  Julian. 
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[COMTRIBimON  FROM  THB  JOHN  HARRISON  LABORATORY  OP  CHBMISTRT^ 

No.  77.] 
DERiVATIVBS  OF  COMPLEX  INORGANIC  ACIDS. 

[THIRD  PAPBR.] 

BT  ALLBN  ROOBK8  AND  BDOAX.  P.  SMITH. 
RecdTed  September  as.  Z903. 

By  reference  to  the  American  Chemical  Journal,  7,  413,  there 
will  be  found  a  classification  of  the  various  groups  of  "complex 
inorganic  acid"  derivatives  obtained  by  Wolcott  Gibbs — ^the  pio- 
neer in  this  field  of  research.  There  will  not  be  observed  in  that 
grouping  any  derivatives  in  which  there  are  four  different  add 
radicals  acting  as  a  compound  anion.  It  has  been  the  purpose  of 
the  present  investigation  to  ascertain  whether  dioxides  could  be 
introduced  into  complexes  consisting  of  sesquioxides,  pentoxides 
and  trioxides.  It  was  hoped  that  by  boiling  ammonium  vanadico- 
I^ospho-tungstate  with  an  excess  of  silicic  hydrate  such  a  result 
would  be  reached,  but  combination  did  not  ensue.  The  various 
constituents  were  Ihen  separately  brought  together  and  boiled 
with  an  excess  of  ammonium  hydroxide  for  a  period  of  six  hours. 
Some  dioxide  did  enter  the  combination,  but  it  was  concluded  to 
operate  in  neutral  solution ;  accordingly,  30  grams  of  ammonium 
paratungstate,  in  700  cc.  of  water,  were  boiled  ten  hours  in  the 
presence  of  an  excess  of  the  hydrate  of  the  particular  dioxide 
which  it  was  desired  to  introduce,  after  which  2  grams  of  am- 
mcmium  phosphate  were  added,  the  solution  being  then  boiled 
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two  hours  longer,  when  8  grams  of  ammonium  metavanadate, 
reduced  to  the  hydrate  of  the  trioxide/  were  added  and  the  whole 
boiled  for  two  hours  more.  This  was  the  general  method  of 
preparation ;  hence,  it  will  not  be  repeated  in  connection  with  the 
several  derivatives  which  are  described  later. 

In  studying  the  behavior  of  these  products,  no  tests  were  dis- 
covered which  would  diflFerentiate  one  body  from  another.  The 
following  observations  apply  equally  well  to  all.  The  salt  sepa- 
rated from  a  concentrated  aqueous  solution  in  large,  brilliant,  black, 
octahedral  crystals.  These  were  very  soluble  in  water,  but  were 
insoluble  in  organic  reagents.  Nitric  acid,  added  to  the  solid 
salts,  served  to  decompose  them,  a  yellow-coIored  body  resem- 
bling tungsten  trioxide  separating,  but  disappearing  completely  on 
the  addition  of  water,  and  yielding  a  yellow-colored  solution. 

Dilute  or  concentrated  nitric  acid,  added  to  the  solution  of  the 
salts,  merely  caused  a  change  in  its  color,  without  producing  a 
precipitate.  Hydrochloric  acid  caused  a  color  change  in  the  solu- 
tion very  slowly  only  on  boiling. 

Ammonium  hydroxide  did  not  alter  the  salt  solutions.  Sodium 
hydroxide  produced  a  gray  precipitate,  which  dissolved,  on  hott- 
ing, with  the  evolution  of  ammonia.  A  dark  brown  precipitate  was 
produced  by  silver  nitrate.  It  dissolved,  to  some  extent,  in  boil- 
ing water.  Ammoniacal  silver  nitrate  produced  an  olive-g^een 
colored  precipitate.  It  dissolved  completely  when  the  solution 
was  boiled. 

The  precipitate,  light  green  in  color,  formed  by  mercurous 
nitrate,  was  insoluble  in  water,  but  readily  dissolved  upon  the 
addition  of  a  few  drops  of  nitric  acid.  The  lead  precipitate  acted 
similarly.  Mercuric  chloride  caused  no  precipitation.  The  same 
was  true  of  copper  sulphate,  while  a  solution  of  ammoniacal 
copper  sulphate  produced  a  dirty  gray  precipitate,  insoluble  in 
boiling  water.  Cadmium  chloride  gave  no  reaction.  Ammoniacal 
cadmium  chloride  threw  out  a  dirty  g^ay  precipitate,  insoluble  in 
boiling  water,  but  dissolved  by  water  containing  a  few  drops  of 
hydrochloric  acid.  Cobalt  nitrate,  in  ammoniacal  solution,  pro- 
duced a  bottle-green  colored  precipitate,  which  changed  to  an 

1  The  hydrate  of  the  trioxide  is  produced  when  ammonium  meta-vanadate  is  boiled 
for  half  an  hour  with  hydrochloric  add,  then  evaporatinR  to  dry  new  upon  a  water-bath. 
The  residue,  taken  up  in  water,  imparts  to  the  latter  a  copper-green  color.  Ammonium 
hydroxide  was  added  to  the  solution.  The  resulting  predpiUte  (hydrate  of  vanadiam 
trioxide),  after  being  washed  once  or  twice  with  dilute  ammonium  hydroxide,  was  intro- 
duced into  the  tungstate  solution. 
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olive-green  on  boiling.  Barium  chloride,  in  neutral  solution,  was 
without  any  action,  but  in  the  presence  of  ammonia  and  upon 
tx>iling,  threw  down  a  heavy  insoluble  precipitate.  In  the 
analysis  of  the  salts  mentioned  below,  the  method  described 
in  previous  communications  proved  inadequate.  The  diffi- 
culties met  in  this  portion  of  the  investigation  were  great 
They  were,  in  the  main,  surmounted.  After  much  search,  with 
frequent  failures,  the  following  course  was  adopted  and  gave,  it 
is  believed,  reliable  results. 

In  each  case  the  air-dried  salt  was  gently  and  gradually  heated 
to  dull  redness.  The  loss  represented  water  and  ammonium 
oxide.  The  residue  was  then  fused  with  equal  parts  of  sodium 
carbonate  and  potassium  nitrate.  The  fusion  was  taken  up  with 
water  containing  ammonium  hydroxide  and  ammonium  nitrate, 
boiled  for  several  minutes  and  then  filtered.  The  insoluble 
portion  was  thoroughly  washed,  dried,  ignited  and  weighed  as 
MeO,.  A  "magnesia  mixture"  was  added  to  the  cold  filtrate  and 
washings.  The  magnesium  ammonium  phosphate  was  dissolved 
and  reprecipitated.  The  tungstic  acid,  in  the  filtrate  from  the 
phosphoric  acid  precipitate,  was  determined  according  to  the 
method  of  Gibbs,  modified  by  Friedheim.*  The  vanadium  was 
obtained  by  difference.  The  ammonium  oxide  was  estimated  in 
the  usual  manner. 

A  few  words  regarding  the  nomenclature,  used  in  this  com- 
munication, may  not  be  out  of  place.  An  inspeption  of  the  litera- 
ture relating  to  "complex  inorganic  acids''  will  disclose  confusion 
on  this  point*  After  reflection,  it  was  concluded  to  terminate  the 
names  of  the  dioxides,  MeO,  in  oso;  those  of  the  type  of  Me,Og 
in  ico,  and  those  of  the  form  of  Mc^Ob  in  o  or  to.  It  is  admitted 
that  this  system  is  not  satisfactory  and  is  contradictory  to  our 
generally  accepted  ideas  on  the  subject,  yet  it  seems  to  be  the 
only  means  of  indicating  a  differentiation  in  the  types  of  oxides 
in  these  complexes. 

Ammonium  Siucoso-vanadico-phospho-tungstatb. 

Per  cent.  Per  cent  Per  cent. 

(NHOjO 5.42  5.37  5.40 

SiO, 0.56  0.67  0.68 

V,0, 15.83  15.77  i5.«o 

^05 1.33  1.35  1-34 

wOj 60.32  60.58  60.45 

H,0 16.41  16.26  16.32 

>  Ser.  d,  clUm.  G€t,  (1890),  p.  553. 
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Ammonium  Titanoso-vanadico-pbospho-tungstatb. 

Percent         Percent.  Percent.  Percent. 

(NHjjO 5.48  5.55  5.48  5.45 

TiO, 0.66  0.65  0.72  0.50 

V,Os 18.98  19.10  18.89  18-87 

PA 2.45  2.44  2.75  2.52 

WOs 5^.29  56.08  56.50  56.42 

H,0 16.14  16.18  16.01  16.24 

Ammonium  Zirconoso-vanadico-phospho-tungstatb. 

Per  cent.  Per  cent.  Per  cent 

(NH^)©, 5.35  5.43                        5.39 

^  ZrO, • 0.63  0.59                      0.61 

V,Oi 14.28  14.22  14.25 

PA 2.49  2.55                      2.52 

WO, 62.29  62.18  62.24 

H,0 14.96  15.03  14.99 

Ammonium  Thoroso-vanadico-phospho-tungstatb. 

Percent.  Percent.  Percent 

(NHjjO 5.42  5.40  5^1 

.    ThO, 0.77  ,0.80  0.79 

VA '6.03  16.31  16.17 

PA 2-52  2.71  2.61 

WOs 59.31  5894  59.13 

H,0 15.95  15.84  1589 

Ammonium  Stannoso-vanadico-phospho-tungstatb. 

Percent  Percent  Percent.  Percent. 

(NH4),0 5.34  5.40  5.38  5.37 

SnO, 0.25  0.23  .  .  0.24 

V,0, 12.33  12.47  •••  12.40 

PA 2.34  2.38  2.36  2.36 

WOj 65.51  65.29  65.20  65.40 

H,0 14.23  14.23  ....  14.23 

The  reactions  of  ammonium  vanadico-phospho-tungstate  are 
vastly  different  from  those  obtained  after  the  introduction  of  a 
dioxide  into  its  composition/ even  if  the  quantity  of  that  dioxide 
be  small.  In  mineral  analysis  the  influence  of  such  minute 
amounts  of  supposedly  adventitious  constituents  is  too  often  dis- 
regarded and  not  considered  in  the  deducticMi  of  formulas. 

The  reader  will  grant  that  there  is  in  the  above  analytical  re« 
suits  satisfactory  concordance.  The  dioxide  was  extremely  diffi- 
cult to  eliminate  entirely  from  the  remaining  components  of  the 
anion,  so  that  while  it  is  thought  the  percentages  given  are  correct, 
yet,  if  there  be  an  error  in  this  factor,  when  corrected,  it  will 
prove  to  be  above  rather  than  below  the  amount  here  given. 
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The  formulas  deduced  from  the  preceding  figures  of  analysis 
are  imposing  and  appear  rather  improbable,  so  that,  for  the 
present,  they  can  be  omitted,  as  the  introduction  of  other  dioxides 
is  projected.  Efforts,  too,  are  being  made  to  find  other  means  of 
arriving  at  the  molecular  magnitudes  of  these  bodies. 

UHzvBKsmr  op  PsxnrsTLVAKiA. 


[CONTRIBXmON  PROM  THE  JOHN  HARRISON  LABORATORY  OP  CHEMISTRY, 

No.  78.] 
DERIVATIVES  OP  COHPLEX  INORGANIC  ACIDS. 

[FOURTH  PAPBR.] 

By  ALL,KK  ROOBR8  AMD  BOOAJL  P.  Smitb. 

RmcItwI  ScptMcbcr  w§,  t90% 

It  may  be  observed  that  in  those  bodies  containing  vanadium 
but  two  oxides  of  the  latter  element  appear — ^the  trioxide 
and  pentoxide.  No  derivatives  of  vanadicotungstic  acid 
(HjO.VjOaWO,)  have  yet  been  prepared.  In  the  classification 
of  Wolcott  Gibbs  they  are  lacking.  Further,  the  question  had 
arisen  whether  by  reduction  of  vanadic  add  with  hydrochloric 
acid  the  resulting  oxide  was  really  not  the  same  as  that  produced 
on  reducing  vanadic  acid  with  sulphur  dioxide.  If  the  stages 
of  reduction  were  identical,  then  the  hydroxides  corresponding 
to  these  oxides-;-V,05  and  V2O4 — ^if  conri>ined  with  tungstic  add, 
would  yield  one  and  the  same  complex  add.  As  will  be  seen, 
the  products  were  dissimilar. 

AMMONIUM  VANADICO-TUNGSTATS, 

3(NHJ,O.V,0,.8WO,.ioH,0.. 
Thirty  grams  of  ammonium  paratungstate  were  boiled  for  six 
hours,  when  6  grams  of  vanadium  trioxide  were  introduced  and 
the  boiling  continued  for  two  hours  longer.  The  filtered  solution 
was  reduced  to  a  small  volume  and  allowed  to  crystallize.  Fre- 
quently, ammonium  tungstate  separated  first  and  mixed  with  the 
vanadico-tungstate  derivative.  The  crystals  were  treated  several 
times  with  ice-water,  which  did  not  dissolve  the  ammonium 
tungstate,  and,  on  evaporating  the  solution,  ammonium  vanadico- 
tungstate  crystallized  out  in  thin  crusts,  very  soluble  in  water, 
1>ut  insoluble  in  organic  solvents.     The  addition  of  nitric  acid 
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to  the  salt  solution  changed  the  color  from  black  to  yellow,  and 
tungsten  trioxide  separated.  Hydrochloric  acid  caused  a  slight 
deposition  of  trioxide.  Mercurous  nitrate  produced  an  olive- 
green  colored  precipitate,  insoluble  in  boiling  water,  but  dissolving 
upon  the  addition  of  a  few  drops  of  nitric  acid.  The  silver  salt 
was  olive-green  in  color  and  only  partially  soluble  in  boiling 
water.  Mercuric  chloride  and  copper  sulphate  produced  no  pre- 
cipitates in  the  neutral  aqueous  solution  of  the  salt.  Ammoniacal 
cadmium  chloride  and  ammoniacal  cobalt  nitrate  produced  pre- 
cipitates which  were  insoluble  in  water.  They  dissolved  on  the 
addition  of  a  few  drops  of  nitric  or  hydrochloric  acid,  with  the 
deposition  of  tungsten  trioxide.  The  barium  salt  was  insoluble  in 
boiling  water. 

In  analyzing  the  salt,  the  Gibbs  method,  modified  by  Fried- 
heim,*  was  adopted. 

Pound. 

T  II.  uP 

Theory.  Percent.  Percent.         Percent. 

(NH,),0 6.66  6.56  6.56  6.52 

V,0, 6.40  6.44  6.39  5.91 

WO, 7924      ,   7924         79.26         79.76 

H,0 7.70        '       7.79  7.79  7.81 

AMMOXIUM  VANADOSO-TUNGSTATE, 

5(NH,)A2V,0,.i4WO,.i3H,0. 
Ammonium  vanadate,  in  the  presence  of  sulphuric  acid,  was 
reduced  with  sulphur  dioxide  and  the  solution  precipitated  with 
ammonium  hydroxide.  The  resulting  body,  after  washing,  was 
added  to  a  boiling  solution  of  ammonium  paratungstate.  After 
filtering  and  evaporating  to  a  small  volume,  black,  well-defined, 
octahedral  crystals  separated.  These  proved  to  be  very  soluble 
in  water.  Nitric  acid  changed  the  color  of  the  black  solution  to 
yellow  zvithout,  however,  the  separation  of  tungsten  trioxide. 
Hydrochloric  acid  does  not  change  the  color  of  the  solution  in  the 
cold  and  only  very  slowly  on  boiling.  No  deposition  of  trioxide 
occurred.  The  mercurous  salt  was  insoluble  in  pure  water,  but 
dissolved  on  the  addition  of  a  little  nitric  acid.  The  lead  salt 
behaved  in  the  same  way.  Mercuric  chloride,  cadmium  chloride 
and  copper  sulphate  were  without  action.  The  last  two  salts, 
in  ammoniacal  solution,  did  precipitate  insoluble  compounds,  that 

>  Ber.  d.  chem.  Ges.^  33, 353  (1890). 
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adds  dissolved.    Ammoniacal  cobalt  nitrate  behaved  in  die  same 
way.    The  barium  salt,  emerald-green  in  color  and  insoluble  in 
water,  dissolved  on  the  addition  of  a  few  drops  of  acid. 
Analysis : 

Pound. 

I.  II.  IIL 

Theofy  Percent.  Percent.         Percent. 

(NH4),0 6.58  6.47  6.29  6.33 

V,04 8.15  8.30  8.28 

WO, 79.7a  79.27  7956         80.43 

H,0 5.75  5.96  5.87 

UaxvB&trrr  or  Pbmnitlvanza. 


[CoNTEnmnoN  from  thb  John  Harrison  Laboratory  of  Crbmistry, 

No.  79.] 

DERIVATIVES  OP  COMPLEX  INORGANIC  ACID5. 

[FIFTH  PAPBR.] 
Bt  CLAmxHCB  W.  Balkb  and  Bdoak  p.  Smith. 


Fifty  years  ago  Struve  made  double  molybdates,  which  he 
believed  were  analogous  to  the  alums.  Wolcott  Gibbs  showed 
that  the  products  of  Struve's  efforts  were  salts  of  "complex  inor- 
ganic acids,"  in  which  the  various  sesquioxides,  together  with 
molybdenum  trioxide,  constituted  the  several  anions  in  union  with 
protoxides— cathions.  It  was  Struve's  intention  to  prepare  analo- 
gous tungstates.  He  never  described  any  of  these  and,  in  order 
to  complete  certain  gaps  in  a  line  of  inquiry,  upon  which  we  have 
been  engaged,  we  undertook  the  preparation  of  compounds  follow- 
ing the  general  types 


R,0. 

*  AUO. 

y  WO.. 

R,0. 

X  x-e^O, 

y  WO,. 

R.O. 

X  Cr,0, 

y  WO.. 

R,0. 

X  Ni.O,- 

y  WO,. 

R,0. 

*•  Mn,0, 

.  y  WO.. 

R,0. 

X  Bi,0, 

y  W0„ 

etc. 

re  been  made. 

In  this  communication,  how- 

ever,  we  shall  only  describe  those  derivatives  in  which  aluminum 
and  bismuth  oxide  are  present.    The  remaining  bodies  will  be 
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further  studied  and  efforts  will  be  made  to  introduce  certain 
other  sesquioxides.  We  have  also  made  a  number  of  bodies  of 
these  types : 

R,0.  X  Fe,Oa.  y  P^O,.  z  WO,. 

R,0.  X  Ni,0,.  y  P^O^.  z  WO„  etc.,  etc. 
It  may  be  mentioned  that  the  introduction  of  the  pentoxide 
apparently  increased  the  stability  of  the  resulting  body  and  caused 
it  to  crystallize  in  a  more  definite  and  pronounced  foim. 

AMMONIUM  ALUMINICO-TUNGSTATE, 

3(NHJ,0.A1A.9W0,.4H,0. 

This  salt  was  made  by  boiling  freshly  precipitated  and  thor- 
oughly washed  aluminum  hydroxide,  ih  excess,  with  ammonium 
paratungstate  for  from  fifteen  to  twenty  hours,  when  the  solution 
was  allowed  to  drain  through  a  folded  filter.  On  evaporating 
the  clear  liquid  upon  a  water-bath,  a  dense,  highly  refracting 
sirup  appeared.  Glass  floated  on  it.  On  exposure  to  the  air, 
it  dried  to  a  semitransparent  mass.  It  seemed  to  be  a  very 
stable  body.  Ammonium  hydroxide  added  to  its  solution  did  not 
produce  a  precipitate.  Its  dilute  solutions  were  not  affected  in  the 
hot  or  cold  by  dilute  hydrochloric  or  nitric  acids. 

The  dry,  powdered  salt  dissolved  in  concentrated  nitric  acid; 
precipitation  did  not  occur,  even  upon  boiling.  The  salt  was 
soluble  also  in  concentrated  hydrochloric  acid  without  the  pro- 
duction, in  the  cold,  of  a  precipitate,  but  when  the  solution  was 
vigorously  boiled  a  yellow-colored  precipitate  separated.  Mer- 
curous  nitrate  produced,  in  its  aqueous  solution,  a  yellowish  white- 
colored  precipitate.  The  precipitate  caused  by  barium  chloride 
was  almost  insoluble  in  hot  water.  After  drying,  acids  failed  to 
dissolve  it.  In  a  slightly  ammoniacal  solution  of  the  salt,  silver 
nitrate  produced  a  yellowish  white  precipitate,  which  proved  to  be 
soluble  in  a  large  volume  of  hot  water. 

ANALYSIS. 

The  powdered,  air-dried  salt  was  further  dried  by  exposure^ 
for  several  hours,  to  the  temperature  of  a  water-bath.  A  weighed 
portion  was  then  ignited  at  a  low  red  heat  in  a  tared  porcelain 
crucible.  The  loss  it  sustained  represented  water  and  ammonium 
oxide.  The  ignited  material  was  next  fused  with  potassium  bi- 
sulphate.    The  fused  mass  was  digested  with  125  cc.  of  water^ 
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15  cc.  of  nitric  acid,  and  several  drops  of  hydrochloric  acid. 
When  the  decomposition  was  complete,  the  solution  was  filtered 
and  the  aluminum  precipitated,  witti  ammonium  hydroxide,  from 
the  clear  liquid.  Whenever  the  resulting  aluminum  oxide  was 
contaminated  with  tungstic  oxide  the  fusion  was  repeated.  The 
ammonium  oxide  was  determined  in  the  usual  manner. 
Results : 

Pound. 
Theory.  ^  % 

.— ' .  I.  II.  III. 

Percent.    Percent.       Percent.    Percent.    Percent. 

3(NH4),0 156  6.45  6.61           6.45         6.42 

A1,0| I03  4.22  4.12          4.17 

9WO, 2088  86.3s  86.30  86.24 

4H,0... 72  2.98  2.97    3.14 

SILVER  AMMONIUM  ALUMINICO-TUNGSTATE, 

iiAg,0.2i  (NHJ,0.4A1,0,.36W0,. 

A  yellowish  white  precipitate  was  produced  when  silver  nitrate 
was  added  to  a  distinctly  ammoniacal  solution  of  the  preceding 
salt.  This  precipitate  was  washed  with  cold  water,  in  which  it 
proved  to  be  but  sparingly  soluble.  Or,  it  was  dissolved  in  a 
large  volume  of  hot  water,  made  ammoniacal.  The  filtrate  was 
allowed  to  stand,  when  a  crystalline  mass  separated  from  it  on 
cooling.  Analyses  of  the  precipitated  salt  and  the  crystalline 
body  showed  them  to  be  identical  in  composition.  Air-dried 
samples  were  used  for  the  analysis.  The  perfectly  dry  salt  was 
quite  insoluble  in  pure  water,  but  readily  soluble  in  water  con- 
taining ammonia  or  nitric  acid.  Mercurous  nitrate,  intnxluced 
into  the  nitric  acid  solution,  produced  a  yellowish  white  precipi- 
tate, readily  soluble  in  hot  water. 

Analysis. — The  silver  was  determined  as  chloride  in  the  nitric 
acid  solution  of  the  salt,  while  the  other  constituents  were  esti- 
mated as  described  under  the  ammonium  salt.  The  loss  upon 
ignition  was  found  to  equal  the  ammonium  oxide  determined  di- 
rectly. 

PrecipiUted  OysUUised 

Theory.                            Mlt  salt 

, ^ .                    I.  U. 

Percent.       Percent.           Percent  Percent. 

IlAg,0 2552  20.57  20.71  20.48 

2I(NH4),0 1092  8.80  8.87  8.90 

4AIA 408  3.29  325  3.a8 

36WO^ 8352  67.32  67.17  67.34 
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If  the  sum  of  the  protoxides  be  taken,  the  formula  would  read 
32R,04Al,Oa.36WO„ 
which  would  furnish  Uie  simple  formula 

8R,O.Al,0,.9WO„ 
when  divided  by  four. 

It  may  be  observed  here  that  Klein*  has  represented  the  most 
stable  series  of  borico-tungstates  by  the  general  formula 
2R,O.B,Oa.9WOa.xH,0. 

AMMONIUM  BISMUTHICO-TUNGSTATE, 

3(NH,),0.2Bi,0,.iiWO,.ioHA 
On  boiling  well-washed  bismuth  metahydroxide  with  ammo- 
nium paratungstate  for  two  days,  it  dissolved  in  large  amount,  so 
that  it  was  necessary  to  make  additions  of  it  from  time  to  time. 
The  solution,  filtered  from  the  excess,  had  a  yellow  color.  It 
was  evaporated  to  complete  dryness  and  the  residue  then  ex- 
hausted with  a  small  quantity  of  hot  water,  the  solution  filtered 
and  allowed  to  cool,  when  ammonium  bismuthico-tungstate  sep- 
arated as  an  oil,  having  a  specific  gravity  slightly  above  3.6. 
This  oil,  after  being  washed  carefully  several  times  with  cold 
water,  dried  to  a  transparent,  yellow-colored  glass.  No  precipi- 
tate was  produced  on  strongly  diluting  the  solution  of  this  salt 
with  water.  Ammonium  hydroxide  caused  no  change  in  its  cold 
dilute  solutions,  but  when  the  latter  were  boiled  in  the  presence 
of  ammonia,  a  copious  white  precipitate  separated.  Nitric  acid 
caused  no  change  in  the  boiling  dilute  solutions  of  the  salt,  but 
in  concentrated  solutions  precipitation  occurred  on  the  addition 
of  concentrated  nitric  acid.  The  addition  of  a  large  volume  of 
hot  water  again  eflfected  solution.  Hydrochloric  acid  occasioned 
no  change  in  cold  or  hot  dilute  solutions,  while  tungstic  acid 
separated  on  boiling  with  concentrated  hydrochloric  acid.  Mer- 
curous  nitrate  precipitated  yellowish  white  mercurous  bismuthico- 
tungstate.    The  results  of  the  analysis  were : 

Theory.  Pound. 

Per  Per  7  II.  HI. 

cent.  cent.  Percent.  Percent.  Percent. 

3(NHJ,0  ..     156                4.09  4.34  4.28  4.14 

2Bi,0, 930              24.36  24.31  24.22  25.00 

1 1  WO, 2552              66.83  66.59  67.07  ^-31 

loHjO 180                4.72  4.76  4.43  4.50 

1  Ann.  chim.  phys.  (5),  aSt  350. 
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POTASSIUM  BISMUTHICO-TUNGSTATE, 

3K,0.2Bi,0,.iiWO,.i5H,0. 

This  salt  separated  in  the  form  of  a  yellow-colored  oil,  upon 
adding  a  hot  saturated  solution  of  potassium  bromide  to  a  con- 
centrated solution  of  ammonium  bismuthico-tungstate.  On  cool- 
ing, the  oil  sometimes  showed  crystals  which  were  very  soft  and 
gummy  in  appearance.  It  was  discovered  to  be  best,  when  the 
cmI  had  become  viscous  and  gum-like,  to  warm  it  again  with  a 
saturated  solution  of  potassium  bromide,  after  which  it  was  re- 
peatedly washed  with  small  volumes  of  warm  water.  It  was 
then  dried  on  the  water-bath  to  a  transparent,  pale  lemon-yellow 
colored  glass. 

Analysis.— Stxcept  for  the  determination  of  the  potassium  the 
method  pursued  in  the  preceding  analyses  was  adopted.  In  esti- 
mating the  potassium,  a  weighed  amount  of  the  "glass"  was 
covered  with  water  and  mercurous  nitrate  added  in  slight  excess. 
Ammonium  hydroxide  was  added  to  alkaline  reaction,  the  excess 
of  it  being  expelled  by  boiling.  A  few  drops  more  of  mercurous 
nitrate  were  introduced  and,  after  standing  half  an  hour,  the 
precipitate  was  filtered  off  and  thoroughly  washed  with  warm 
water.  The  filtrate,  after  acidulation  with  dilute  sulphuric  acid, 
was  charged  with  hydrogen  sulphide.  The  filtrate  from  the 
mercury  sulphide  was  evaporated  and  the  potassium  obtained  as 
sulphate. 

Results  : 

Pound. 
Theory.  /  ^  s 

. — : >  I.  II. 

Percent.  Percent.  Percent  Percent. 

3K,0 282               6.99  7.00  7.21 

2Bi,0, 930  23.05  22.72  22.53 

iiWO, 2552  63.27  63.84  63.88 

I5H,0 270             6.69  6.44  6.38 

STRONTIUM  BISMUTHICO-TUNGSTATE, 

3Sr0.2Bi20s- 1 1  WO,.  1 1  HjO. 
This  salt  was  made  by  transposing  the  potassium  salt  with  a 
saturated  solution  of  strontium  chloride.  The  product  was  an 
insoluble  yellow-colored  oil,  which  was  washed  with  hot  water 
to  remove  all  soluble  impurities.  When  cooled,  the  oil  changed 
to  a  yellow  wax.  It  was  insoluble  in  pure  water,  but  dissolved 
readily  upon  the  addition  of  a  few  drops  of  nitric  acid.    Dried 
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upon  a  water-bath,  it  chang^ed  to  a  hard,  vitreous  mass.    The 
determination  of  the  strontium  was  made  as  described  under  the 
potassium  salt. 
Results : 

Pound. 

Theory.  , • » 

t ' >  I.  II. 

Percent.    Percent.  Percent      Percent. 

3SrO 311  7.79  6.80  .... 

2Bi,04 930  23.30  23.07  23.42 

iiWOs 2552  63.95  ....  .... 

iiHjO 198  4.96  4.96  4.95 

The  purpose  of  this  study  will  be  to  ascertain  to  what  extent 
the  more  metallic  sesquioxides  can  be  introduced  into  such  com- 
plexes as  have  been  indicated  in  the  preceding  paragraphs,  and  to 
exhaustively  investigate  their  derivatives  before  advancing  to 
those  compounds  in  which  there  will  appear  the  additional  pent- 
oxide. 

Columbo-  and  tantalo-tungstates  of  sodium  and  ammonium 
have  been  made  and  analyzed,  but  a  description  of  them  will  be 
reserved  for  a  later  communication. 

University  of  Pennsylvania. 


THE  INFLUENCE  OF  SOIL  MOISTURE  UPON  THE  CHEniCAL 
COMPOSITION  OF  CERTAIN  PLANT  PARTS. 

By  John  A.  Widtsob. 

Received  October  7,  1903. 

Ths  great  variation  in  the  chemical  composition  of  plants 
grown  under  the  same  climatic  conditions  and  upon  similar  soils, 
has  always  been  a  somewhat  mystifying  phenomenon  to  students 
of  plant  chemistry.  That  plant  composition  is  influenced  by  soil 
composition  is  beyond  question;  and  it  is  quite* generally  believed 
that  sunshine,  temperature  and  soil  moisture  are  factors  in  con- 
trolling the  chemical  composition,  of  plants.  However,  the  rela- 
tive and  absolute  values  of  these  soil,  climatic  and  water  factors 
have  not  been  determined,  even  approximately ;  and  the  observed 
variation  in  plant  composition  has  usually  been  beyond  satis- 
factory epcplanation.    In  view  of  this  lack  of  knowledge,  it  was 
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most  interesting  to  find  a  definite  relation  between  the  soil  nxMS- 
ture  and  the  chemical  composition  of  plants. 

In  a  series  of  exhaustive  experiments  on  irrigation,  carried  00 
by  the  Utah  Experiment  Station,  the  water  applied  to  plants  was 
definitely  controlled,  and  the  quantity  so  varied  as  to  determine 
the  most  economical  use  of  water  in  an  irri^ted  districts  Alt 
the  plants  grown  in  the  experiments  were  subjected  to  chemical 
analysis.  The  full  report  of  the  work,  in  the  summer  of  1901,  is 
published  in  Bulletin  No.  80  of  the  Utah  Station,  and  it  is  upon 
some  of  the  results  there  found  that  the  present  paper  is  based. 

SOIL  CONDITIONS  OP  THE  EXPERIMENTS. 

The  farm  upon  which  these  experiments  were  conducted  is 
located  on  the  old  fossil  delta  of  the  Logan  River,  in  Cache 
Valley,  State  of  Utah.  The  soil  is  very  shallow — ^varying  in 
depth  from  9  to  59  inches,  with  an  average  depth  of  28  inches. 
Below  this  thin  layer  of  soil  is  a  porous  bed,  nearly  300  feet  deep, 
ccHnposed  of  coarse  gravel,  with  occasional  streaks  of  sand.  It  is 
most  probable  that  this  condition  of  shallow  soil,  with  very  por- 
ous subsoil,  was  a  strong  factor  in  producing  the  observed  varia- 
tion in  die  chemical  composition  of  the  crops  grown  upon  the 
farm.  The  soil  laye:*  is,  in  most  respects,  similar  to  the  soils  that 
prevail  within  the  Great  Basin  Region,  as  shown  by  the  following 
physical  and  chemical  analyses.  The  methods  of  analysis  fol- 
lowed were  those  prescribed  by  the  Association  of  Official  Agri- 
cultural Chemists. 

Tabids  I.— Physicai,  Composition  op  the  Soil. 

Pint 
Depth.  foot. 

Medium  sand  ( O.I  to  as  mm.) 28.1 

Fine  sand  (0.032  to  o.i  mm. ) 25.6 

CoarM  silt  (o.oi  to  0.032  mm. ) 19.2 

Medium  silt  (0.0032  to  o.oi  mm.)  •  •  10.2 

Pine  rilt  (0.001  to  0.0032  mm. ) 2.6 

Clay  (below  o.ooi  mm. ) 8.4 

Moisture 4.7 

Soluble  and  lost 1.2 

Total loo.o 

Average  weight  of  one  cubic  foot  of  dry  soil  ......  -88.9  lbs. 

Average  absolute  water  capacity 28.56  per  cent. 


Second 
foot. 

Third 
root. 

29.7 

26.4 

16.4 

6.6 

3^.6 

29.6 

14.6 

6.6 

5.6 
8.8 

6.5 
8.6 

4.3 

1.8 

2.2 

0.7 

lOO.O 

•88.qlb 

lOO.O 

s. 
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Tabu  II.— Chbmicax.  Coicpositiok  of  thb  Soil. 

(All  per  cents,  are  referred  to  the  water-free  aoil. ) 

Pint  Second  Third 

foot.  foot.  foot. 

Insoluble  matter 68.42  65.66  56.49 

Potash,  K,0 0.65  0.57  0.43 

Soda,  Na,0 0.55  0.53  0.60 

Lime,  CaO 6.07  8.20  14.81 

Magnesia,  MgO 5.13  4.J3  3-32 

Alumina,  A1,0, 3.13  2.36  2.39 

Iron  oxide,  Pe,0| 2.33  2.65  1.72 

Phosphoric  acid,  P,Ot 0.20  o.  15  0.24 

Sulphuric  acid,  SQ, o.io  o.ix  0.08 

Carbon  dioxide,  CO, 10.00  12.74  17.90 

Organic  matter 3.86  2.99  2.12 

Total 100.44  100.09  100.10 

Humus 3.72  1. 18  1.06 

Nitrogen 0.149  0.100  0.072 

WateratiooC •     1.85  1.91  1.69 

The  plats  devoted  to  these  experiments  were  one-twentieth  of 
an  acre  in  area,  well  ridged  around  the  edges,  so*that  the  water 
applied  would  cover  the  ground  to  an  approximately  uniform 
depth.  The  depth  of  water  applied  at  one  irrigation  varied,  ordi- 
nanly,  from  5  to  7.5  inches.  All  plants  in  the  same  experimental 
set  were  treated  alike,  except  as  to  the  quantity  of  water  applied. 
The  amount  of  water  applied  is  expressed  in  the  depth  in  inches 
to  which  the  plats  would  have  been  covered  had  it  been  applied  at 
one  time. 

MAIZE  KERNELS. 

The  maize  used  was  of  unknown  name,  but  had  been  grown 
for  many  years  on  the  Station  farm.  It  was  sown  on  April  30th, 
and  throughout  its  life  exhibited  no  extraordinary  characteristics, 
save  the  variation  due  to  the  application  of  varying  amounts 
of  water.  The  ripe  maize  was  harvested  on  September  nth. 
The  njaize  kernels  were  analyzed  with  the  following  results: 
Table  III.— Percentage  Composition  of  Maize  Kbrnbi^. 

Irrigmtion     Water  Water-free  tubsunce. 

water             lo  ,                                            *  > 

applied.        fresh  Bther           Crude  N-free 

Inches,    substance.  Ash.          Protein.         extract          fiber.  extract. 

7.5  14.01  1.62  15.08  6.0a  1.89  75.39 

lo.o  11.00  1.59  13.4a  5.39  2.23  77.37 

15.0  11.66  1.65  13.48  6.16  I.91  76.86 

20.0  13.00  1.56  12.83  6-39  2<I9  77- M 

37.3  1436  1.62  12.52  6.26  1.89  77.72 
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With  one  exception,  the  per  cent,  of  water  increased  regularly 
with  the  increase  in  the  amount  of  water  under  which  the  maize 
was  jjfrown.  The  per  cent,  of  ash  is  not  regularly  affected  by 
the  quantity  of  water  used.  The  protein  content  is  strikingly 
influenced  by  the  amount  of  water  added  to  the  soil.  As  the  water 
increases,  the  per  cent,  of  protein  decreases — ^the  difference  be- 
tween the  protein  content  of  maize  which  received  7.5  inches  of 
water  and  that  which  received  37.3  inches  being  2.56  per  cent. 
The  percentage  of  ether  extract  was  also  slightly  affected  by  the 
soil  moisture.  As  the  water  applied  to  the  soil  increases,  the 
ether  extract  increases,  also. 

The  per  cent,  of  crude  fiber  does  not  seem  to  be  regularly  in- 
fluenced by  the  soil  moisture,  but  the  N-free  extract  tends  to  in- 
crease on  the  well-watered  plats.  In  general,  the  protein  in  the 
maize  kernel  decreases  with  increased  applications  of  water,  while 
the  ether  extract  and  N-free  extract  increase. 

OAT  KERNELS. 

The  variety  of  oats  used  in  this  experiment  was  '^American 
Banner.''  The  seed  was  placed  in  the  ground  on  April  20th,  and 
the  ripe  crop  was  harvested  on  July  30th.  The  composition  of  the 
oat  kernel  is  shown  in  Table  IV. 

Table  IV.— Percentage  Composition  of  Oat  Kernei^s. 


Irrigation 

water 

applied. 

Inches. 

Water 

in 
fresh 
substance. 

Water-free  substance. 

Ash. 

Protein. 

Ether 
extract. 

Crude 
fiber. 

N-free 

extract. 

6.98 

8.00 

3.26 

20.79 

3.91 

9.02 

63.02 

13-20 

7.73 

4.52 

17.29 

4.19 

10.76 

6325 

14.89 

8.II 

4.97 

15.48 

.4.21 

1540 

59.55 

30.00 

8.40 

4.49 

15.49 

4.59 

10.92 

64.51 

40.00 

8.62 

4.55 

15.80 

4.56 

10.38 

64.71 

As  in  the  case  of  com,  the  per  cent,  of  water  in  the  fresh  sub- 
stance is  increased  by  an  increased  amount  of  water.  The  per 
cent,  of  ash  does  not  seem  .to  be  affected  by  the  soil  moisture.  As 
in  the  case  of  corn  kernels,  the  relative  amounts  of  protein  are 
strongly  affected  by  varying  the  amount  of  water  applied  to  the 
soil.  The  larger  the  quantity  of  water,  the  smaller. the  per  cent.. 
of  protein.  The  highest  and  lowest  per  cents,  are  20.79  ^^^ 
15j\8 — a  difference  of  5.31  per  cent. 

The  per  cent,  of  ether  extract  is  highest  in  the  well-watered 
plats,  and  the  variation  follows  quite  regularly  the  amounts  of 
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water  used.  The  difference  between  the  highest  and  lowest  per 
•cent,  is  0.68.  The  highest  per  cent,  of  crude  fiber  is  found  on  the 
plat  receiving  an  intermediate  amount  of  water.  The  N-free 
•extract  increases  with  an  increase  in  the  amount  of  water;  this 
variation  is  regular,  with  one  exception.  As  in  the  case  of  com, 
increasing  the  water  applied  to  oats,  decreases  the  per  cent,  of 
protein,  and  increases  the  ether  extract  and  N-free  extract. 

WHEAT  KERNELS. 

The  variety  of  wheat  used  was  "New  Zealand."  It  was  planted 
on  April  13th,  and  harvested  on  July  29th  and  30th  and  August 
5th.  Table  V  shows  the  results  obtained  from  the  chemical 
analysis  of  the  wheat  kernels  from  the  different  plats. 

Tabix  v.— Pbrcbntage  Composition  op  Whbat  Kbrnbls. 


Irrigation 
water 

'iSlilS^ 

Water 

in 
fresh 
tabttance. 

Inwat< 

sr-free  substance. 

Ash. 

Protein. 

Bther 

extract 

Crude 
fiber. 

N-free 
extract. 

4.63 

7.70 

2.70 

26.72 

a.37 

5.44 

62.77 

5.14 

8.16 

3.32 

25.  n 

5.24 

3.05 

63.28 

8.81 

8.25 

2.96 

21.25 

3.63 

4.38 

67.75 

X0.30 

8.47 

2.54 

19.93 

2.09 

4.47 

70.97 

12.36 

8.14 

3." 

22.18 

2.12 

4.31 

68.27 

17.50 

7.59 

2.79 

18.57 

2.34 

5.88 

70.43 

2I.II 

6.80 

2.50 

16.99 

1.97 

3.92 

74.62 

30.00 

8.70 

4.50 

15.26 

1.85 

3.19 

75.20 

40.00 

8.01 

2.72 

18.43 

1.94 

3.42 

73.48 

There  seems  to  be  no  rej^^^lar  variation  in  the  per  cent,  of 
water,  held  by  the  fresh  substance,  to  correspond  with  the 
amounts  of  water  applied  to  the  soil ;  neither  does  the  per  cent 
of  ash  show  any  definite  connection  with  the  soil  water.  The 
per  cent,  of  protein  increases  very  markedly  in  the  wheat  kernel 
as  the  amount  of  water  applied  to  the  soil  decreases.  The  plat 
that  received  30  inches  of  water  yielded  wheat  containing  15.26 
per  cent,  protein,  while  the  wheat  from  the  plat  that  received  7.70 
inches,  contained  26.72  per  cent. — a  difference  of  11.46.  It  is  to 
be  noted  that  the  variation  did  not  follow  regularly  tihe  amounts 
of  water  used. 

The  variation  in  the  ether  extract  are  very  irr^fular.  The 
kernels  raised  with  5  to  8  inches  of  water  contain  the  highest 
per  cents,  of  fat.  The  crude  fiber  is  not  dtrongly  affected  by  the 
soil  water,  though  the  tendency  is  for  the  per  cent,  to  decrease 
as  the  amount  of  soil  water  increases.    The  per  cent,  of  N-free 
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extract  is  highest  in  the  wheat  from  the  plats  that  received  most 
water.  As  with  corn  and  oats,  increased  watering  of  wheat 
decreases  the  per  cent,  of  protein,  and  increases  the  per  cents,  of 
ether  extract  and  N-free  extracts. 

POTATO  TUBERS. 

The  variety  of  potatoes  known  as  "Early  Rose"  was  used  in 
this  experiment.  They  were  planted  on  May  ist  and  7th,  and 
were  dug  on  October  22d.  They  were  immediately  sampled 
and  subjected  to  chemical  analysis.  Traces  of  reducing  sugar 
were  found  in  all  the  samples,  and  a  trace  of  sucrose  in  one 
sample.  The  quantitative  determinations  are  exhibited  in  Table 
VI. 

Tablb  VI.~Pbrcbntagb  Composition  of  Potatobs. 


rrigmtion    Water 
water         in 
applied,     fiesh 
Inches,  snbatance. 

In  water-free  subatance. 

Aah. 

Protein. 

Stber 
extract. 

Crude 
fiber. 

Starch. 

Undeter- 
mined. 

N-free 
extract. 

8.08 

76.00 

6.68 

11.83 

0.55 

2.69 

69.95 

8.30 

78.25 

10.00 

76.34 

4.57 

12.57 

O.II 

2.46 

69.55 

10.74 

80.29 

15.00 

75.54 

4.85 

12.52 

0.33 

2.21 

72.58 

750 

80.08 

30.00 

76.24 

4.29 

11.46 

0.50 

2.56 

76.25 

4.94 

81.19 

27.00 

75.95 

4.99 

10.77 

0.06 

1.93 

75.10 

7.15 

82.25 

39-99 

76.00 

4.87 

8.33 

0.79 

2.06 

76.48 

7.47 

83.95 

It  is  quite  noteworthy  that  the  variation  in  the  amount  of 
moisture  in  the  fresh  potatoes  is  very  small.  In  fact,  the  soil 
moisture  seems  to  have  little,  if  any,  effect  on  the  water  content 
of  potatoes.  The  per  cent,  of  ash  does  not  vary  with  the  amount 
of  water  applied.  As  in  the  case  of  the  grains,  the  relative  amount 
of  protein  becomes  larger  as  the  irrigation  becomes  smaller.  The 
one  exception  to  this  rule  is  the  plat  which  received  least  water. 
The  difference  hptween  the  maximum  and  minimum  per  cents. 
is  4.24 — sufficient  to  affect,  materially,  the  food  value  of  the 
potatoes.  The  variation  of  the  ether  extract  is  very  irregular 
and  does  not  follow  the  variation  in  the  amount  of  water  applied 
to  the  soil.  The  crude  fiber  shows  a  tendency  to  decrease  on  the 
well-watered  plats.  The  per  cent,  of  starch,  on  the  other  hand, 
increases  very  regularly  with  the  increased  irrigation.  The  differ- 
ence between  the  highest  and  lowest  per  cents,  of  starch  is  6.93— ^ 
also  quite  sufficient  to  affect  the  food  value  of  the  tubers.  The 
undetermined  portion  does  not  vary  regularly  with  the  soil  mois- 
ture, but  there  appears  to  be  a  tendency  for  it  to  decrease  as  the 
watering  becomes  more  liberal. 


1 240  JOHN  A.  WIDTSOB. 

SUGAR-BEETS. 

The  German  Kleinwanzlebener  seed  was  used  in  these  investi- 
gations. Seedinjs^  was  done  on  April  25th  and  26th.  The  beets 
were  harvested  on  October  22d.  The  composition  of  the  beets 
on  the  date  of  harvesting  is  shown  in  Table  VII. 

Tabui  VII.— Pbrcbntagb  Composxtiom  op  Sugab-bbbts. 

In  water-free  substance. 


i 


1    i 
III  1     .    I        i    1         ^         I 


11 


12.32  76.23  4.76  9.68  0.29  5.37  1.22  do.8s  6.33  11.51  79.91 

15.57  75-95  5.14  8.15  0.31  524  1. 17  63.20  6.33  10.43  81-13 

17*64  75.34  4.38  10.51  0.32  4.80  1.24  61.62  6.19  10.96  80.01 

2o;o6  76.46  4.89  10.42  0.36  5.06  0.94  60.83  6.91  10.59  79-^7 

21.00  78.67  4.98  7.50  0.18  6.02  1.53  57.21  7.46  15.12  81.32 

25-31  75.69  4.69  8.98  0.316  4.98  0.64  62.93  7.10  10.13  80.80 

40.82  77.58  4.69  5.63  0.45  5.68  1. 18  62.01  7.05  13.31  83.55 

53.96  73.39  3.79  6.10  0.36  4-79  1.89  60.65  7.07  15.35  84.96 

The  per  cent,  of  water  in  the  fresh  substance  does  not  vary, 
in  general,  with  the  variation  in  soil  moisture.  The  per  cent,  of 
ash  is  irregular  and  does  not  follow  the  soil  moisture.  The  per 
cent,  of  protein  tends  to  increase  with  increased  applications  of 
water,  until  20  inches  have  been  applied ;  from  then  on  there  is  a 
distinct  decrease.  The  diiference  between  the  highest  and  lowest 
per  cent,  is  2.92.  The  per  cents,  of  ether  extract,  crude  fiber 
and  reducing  sugars  are  so  irregular  that  they  cannot  well  be 
connected  with  the  variation  in  the  soil  moisture.  The  sucrose, 
which  is  the  most  important  constituent  of  the*  sugar-beet,  con- 
stitutes from  57.21  per  cent,  to  63.20  per  cent,  of  the  water-free 
substance.  Regular  changes  in  the  soil  moisture  do  not  seem  to 
cause  corresponding  regular  variations  in  the  sucrose  content. 
This  is  surprising,  in  view  of  the  comparative  regularity  with 
which  the  nitrogen-free  extract  in  the  crops,  previously  studied, 
has  increased  with  the  increase  in  soil  mcnsture.  The  per  cent, 
of  starch  increases  somewhat  with  the  increase  in  soil  moisture. 

From  these  data,  it  would  seem  that  tlie  relative  proportions  of 
the  constituents  are  not  markedly  aflFected  by  variations  in  soil 
moisture.    The  great  regularity  in  variation  that  has  prevailed 
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in  Other  crops  leads  to  some  doubt  concerning  the  correctness  of 
this  view.  The  plats  on  which  the  sugar-beets  were  grown  were 
very  different  in  depth  and  in  the  proportion  of  gravel,  and  they 
had  been  manured  differently.  Further,  the  accurate  sampling 
of  beets  is  a  matter  of  great  diiRculty.  It  must  also  be  remarked 
that  the  beet  was  dried  and  ground  before  analysis,  which  is  not 
the  best  method  to  be  followed  in  making  carbohydrate  determina- 
tions in  sugar-beets.  While  the  per  cent,  of  total  carbohydrates 
may  be  very  near  the  truth,  the  sucrose  and  other  single  constitu- 
ents may  have  suffered  change  during  the  process  of  drying. 
These  questions  must  be  left,  however,  for  future  investigations. 

To  obtain  fuller  and  more  accurate  data  on  the  effect  of  soil 
moisture  upon  the  sugar  content  and  purity  of  the  juice,  the  plats 
were  sampled  and  the  beets  analyzed  weekly,  from  August  19th 
to  October  i6th.  The  average  results  for  the  sugar  in  the  juice 
are  found  in  Table  VIII. 
Tabz«b  VIII.^Pbr  Cbnt.  op  Sucrose  in  tbb  Juicb  from  Sugar-bbbts. 

Irrigfttion  water 

Applied.  August  19th  to     September  loth  to      October  and  to 

Inches.  September  3rd.      September  astli.  October  x6th. 

11.16  to  17.78  11.35  13.14  14.83 

19.95  to  26.66  12.58  13.72  15.86 

40.82  to  53.96  13.40  14.62  15.25 

It  is  quite  evident,  from  the  above  table,  that  during  the  first 
two  periods,  the  per  cent,  of  sugar  in  the  juice  increases  with 
the  increase  in  the  amount  of  water  applied.  During  the  last 
period,  the  beets  grown  with  more  than  40  inches  of  water  contain 
0.61  per  cent,  less  sugar  than  do  those  grown  with  an  average 
of  23.31  inches  of  water.  The  general  conclusion  to  be  drawn 
from  this  table  is;  that  increasing  the  soil  moisture  tends  to  in- 
crease the  per  cent,  of  sugar  in  the  juice  of  sugar-beets. 

Tablb  IX.~Pbr  Cbnt.  Purity  in  Juicb  prom  Sugar-bbbts. 


Irrigation  t»ater 

Applied. 

AoflTttSt  19th  to 

September  loth  to 

October  and  to 

Inches. 

September  3rd. 

September  a5th. 

October  x6th. 

1 1. 16  to  17.78 

77.0 

77.9 

81. 1 

19.95  to  26.66 

80.6 

8r.i 

82.7 

40.82  to  53.96 

80.5 

82.7 

84.2 

Table  IX  shows  very  clearly  that  the  purity  of  the  juice  is 
highest  with  sugar-beets  grown  with  large  amounts  of  water 
but  that  the  differences  are  so  small  as  to  have  little  practical 
value. 
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DISCUSSION. 

A  Study  of  the  preceding  tables  confirms  the  belief  that  the 
soil  moisture  influences  strongly  the  chemical  composition  of 
plants  and  plant  parts.  To  what  extent  the  compositions  of  differ- 
ent plants  and  plant  parts  are  affected  by  soil  moisture,  cannot,  of 
course,  be  determined  from  this  preliminary  investigation.  How- 
ever, it  may  safely  be  concluded  that  the  protein  and  nitrogen-free 
extract  are  influenced  more  than  any  other  chemical  group  con- 
tained by  plants.  It  may  further  be  concluded  that  withholding 
water  from  the  plant  increases  the  per  cent,  of  protein,  and  di- 
minishes the  per  cents,  of  nitrogen- free  extract  and  fat ;  increas- 
ing the  supply  of  water  decreases  the  per  cent,  of  protein  and  in- 
creases the  per  cents,  of  nitrc^en-free  extract  and  fat. 

That  the  variation  is  far  greater  than  that  ordinarily  assumed 
to  be  possible  is  shown  by  Table  X,  in  which  the  differences  be- 
tween the  lowest  and  highest  per  cents,  of  protein,  fat,  nitrogen- 
free  extract  and  starch  are  given,  due  regard  having  been  had 
for  the  variation  due  to  the  application  of  different  amounts  of 
water. 

Tabids  X.— Difference  between  Highest  and  I<owest  Per  Cents. 
Due  to  Varying  Soii«  Moisture 

Substance.  Protein.  Pat.  N-free  eztnct.   Starch. 

Corn  kernels 2.56  0.90           2.33 

Oat  kernels 5.31  0.68           1.69 

Wheat  kernels 11.46  1.78          12.43 

Potatoes 4.24  ...            5.70           6.93 

Sugar-beets 4.88  • .  •            5.05 

While  the  power  to  control  the  composition  of  plants  by  varying 
the  soil  moisture  is  of  immense  practical  value  to  all  irrigated 
countries,  yet  its  higher  theoretical  importance  must  not  be  over- 
looked. To  the  plant  physiologist  it  opens  a  large  field  of  re- 
search, which  promises  to  result  in  light  being  thrown  on  some 
of  the  obscure  parts  of  our  knowledge  of  plant  growth  and  plant 
life.  The  temptation  to  theorize,  even  with  the  mciger  data  of 
this  paper,  is  very  great,  but  as  considerable  material  on  this 
subject  has  been  gathered  since  1901,  the  discussion  of  the 
physiological  relations  of  the  data,  here  presented,  has  been  left 
for  future  reports.  However,  it  may  be  said  that  the  soil  mois- 
ture is  only  one  of  many  factors  controlling  the  composition  of 
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plants,  and  that  the  great  variations,  recorded  in  this  paper,  were 
partly  due  to  the. peculiar  soil  conditions  prevailing  on  the  Station 
iann. 

This  investigation  has  been  continued  since  1901,.  and  is  still 
being  cofntinued. 

CBElfZCAL  ZMBOXATO&T,  UTAH  BZPBRIMKttT 

Station,  Xooan,  Utah. 
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RENNET  ENZYME  AS  A  CAUSE  OF  CHEHICAL  CHANGES 
IN  THE  PROTEIDS  OF  MILK  AND  CHEESE. 

By  I,.  I«.  Van  Sltke«  H.  a.  HaIidikg  and  E.  B.  Hart. 

Received  September  93,  1909. 
INTRODUCTION. 

The  object  of  the  work  described  in  this  article  was,  primarily, 
to  ascertain  to  what  extent  the  proteolytfc  phenomena,  observed 
in  cheese-ripening,  are  due  to  the  action  of  an  enzyme  contained 
in  the  rennet  extract  used  in  cheese-making.  It  was  also  our 
purpose  to  learn  how  the  proteolytic  action  oiE  rennet  compares 
with  that  of  commercial  pepsin. 

It  has  been  quite  generally  believed  that,  the  rennet  extracts 
used  in  the  manufacture  of  cheese  contain  not  less  than  two 
enzymes  or  ferments,  called  rennin  and  pep§in, .  one  ferment 
coagulating  milk-casein  and  the  other  converting  milk-casein  and 
paracasein,  under  favorable  conditions,  into  soluble  forms  of 
nitrogen  compounds.  The  present  tendency,  however,  is  in  the 
direction  of  the  belief  that  both  kinds  of  action  are  due  to  the 
presence  of  only  one  enzyme.  The  presence  of  a  proteolytic 
ferment  in  rennet  extract  is  readily  understood,  when  we  con- 
sider its  source,  which  is  the  3tomach  of  a  suckling  calf. 

For  years  the  weight  of  opinion  was  against  the  belief  that 
rennet  has  any  other  function  in  cheese-making  than  simply  to 
coagulate  milk-casein.  In  some  work^  done  by  one  of  us  in 
1892,  it  was  shown  that  cheese,  made  with  larger  amounts  of 
rennet,   furnished  greater  quantities  of  soluble  nitrogen  com- 

1  New  York  Agr.  Bzpt.  SU.  BuU.  No.  54,  p.  967  (1893). 
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pounds  than  did  cheese  made  with  smaller  amounts  of  rennet. 
In  1899,  s^^"^^  additional  work^  was  done,  confirming  the  results 
previously  obtained.  Babcock,  Russell  and  Vivian*  have  made 
a  very  thorough  investigation  of  this  subject,  shoeing  that,  in 
the  case  of  normal  cheese,  increased  use  of  rennet  resulted  in  a 
more  rapid  increase  of  soluble  nitrogen  compounds,  especially 
of  those  nitrogen  compounds  grouped  under  the  names  of 
caseoses  and  peptones.  They  also  made  cheese  from  milk  to 
which  purified  commercial  pepsin  had  been  added  and  found 
similar  chemical  changes  taking  place  in  the  cheese  thus  made. 
They  concluded,  from  these  experiments  with  normal  cheese,  that 
rennet  exerts  a  digestive  influence  on  casein,  due  to  the  presence 
of  peptic  enzymes  contained  in  rennet  extracts,  the  action  of 
which  is  intensified  by  the  development  of  acid  in  the  cheese- 
curd.  Jensen,'  working  independently  and  along  quite  different 
lines,  reached  the  same  conclusions  at  the  same  time. 

In  the  case  of  the  wotk  previously  done  here  and  elsewhere, 
the  effect  of  rennet  ferment  has  not  been  studied  apart  from  the 
action  of  other  factors  that  are  present  in  normal  cheese-ripening. 
So  far  as  our  present  knowledge  goes,  the  different  agencies 
taking  part  in  the  normal  process  of  cheese-ripening  are  the 
following:  (i)  Some  acid,  usually  lactic;  (2)  enzymes  present 
in  the  milk  before  it  is  made  into  cheese;  (3)  an  enzyme  con- 
tained in  the  rennet  extract  added  to  milk  in  the  cheese-making 
process;  and  (4)  micro-organisms,  chiefly  bacteria.  In  previous 
studies  of  the  effect  of  rennet  ferment  on  cheese-ripening  some 
or  all  of  these  factors  have  been  present,  so  that  the  specific 
action  of  rennet  has  had  to  be  inferred  rather  than  been  clearly 
proved.  It  has  been  the  special  aim  of  our  work  to  study  the 
action  of  the  rennet  ferment  as  far  as  possible  apart  from  the 
other  agencies  of  cheese-ripening.  Under  these  conditions,  we 
have  studied  the  action  of  rennet  extracts  in  cheese-ripening: 
(0  Without  acid,  (2)  in  the  presence  of  acid,  (3)  without  salt, 
and  (4)  with  salt.  In  addition,  we  have  studied  the  action  of 
rennet  extracts  of  different  ages  upon  the  casein  of  milk,  and 
also  the  proteolytic  action  of  commercial  pepsin  on  milk-casein 
and  in  the  process  of  cheese-ripening.  We  have  also  studied  the 
action  of  rennet  enzyme  and  pepsin  on  paracasein  dilactate. 

1  Nm  York  Agr.  Bxpt.  dU.  Ball.,  No.  336,  p.  150  (1903)* 
>  AnnoAl  Report,  WU.  Bxpt.  SU.,  17, 102  (1900). 
*Lam4w,Jakrb.  d.  Sckweis.,  14, 197  (1900). 
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Description  o?  Experimental  Work, 
difficulties  involved  in  the  work. 
In  order  to  destroy  all  enzymes  present  in  milk,  our  general 
plan  of  procedure  has  been  to  heat  the  milk  to  a  temperature 
varying  in  different  cases  from  85**  C.  to  98**  C.  (185**  F.  to 
208**  F.).  Then,  in  order  to  prevent  possible  contamination  by 
the  entrance  of  enzyme-producing  organisms,  the  milk,  after 
being  heated  and  cooled,  has  been  treated  with  3  to  5  per  cent, 
of  chloroform  by  volume,  previous  to  being  made  into  cheese. 
The  heating  of  milk  to  the  temperature  stated  diminishes  the 
readiness  and  completeness  with  which  it  is  coagulated  by  rennet 
extract,  but  the  power  of  prompt  coagulation  by  rennet  can  be 
restored  by  the  addition  of  calcium  chloride  or  carbon  dioxide 
or  any  ordinary  acid.  In  thus  eliminating  other  factors  of 
cheese-ripening  than  rennet  enzyme,  we  necessarily  produce  con- 
ditions that  do  jiot  exist  in  normal  cheese-making,  such  as  ( i ) 
heated  milk,  (2)  absence  of  milk-enzymes,  (3)  the  use  of  calcium 
chloride  or  carbon  dioxide,  and  (4)  absence  of  enzyme-forming 
and  acid-forming  organisms.  In  a  study  carried  on  under  such 
conditions,  we  cannot  expect  our  results  to  be  entirely  com- 
parable with  results  obtained  under  normal  conditions;  but  we 
can  secure  data  that  enable  us  to  determine  the  ability  of  the 
rennet  enzyme  to  cause  proteolytic  changes  under  the  conditions 
of  experiment  employed.  Later  we  will  inquire  as  to  whether 
the  introduction  of  such  unusual  conditions  seriously  affected  the 
value  of  the  results  obtained,  in  their  application  to  the  process 
of  normal  cheese-ripening. 

EFFECT  OF  ACID  UPON  THE  PROTEOLYTIC  ACTION  OF  RENNET 

ENZYME. 

Table  I  contains  the  averages  of  results  given  by  four  sets  of  ex- 
periments, in  which  the  effect  of  the  presence  and  absence  of  acid 
upon  the  action  of  rennet  enzyme  in  cheese-ripening  was  studied. 

Tablb  I.— Effect  of  Prbsbnce  and  Absbncb  of  Acid  upon  thb 
Action  of  Rbnnbt  Enzymes. 

Nitrogren,  expressed  as  percenlsffe  •f  nitro- 
gen in  cheese,  in  form  of 


Add. 

Water- 
soluble 
Arc  of  cheese     nitrogen 
when  ana-    compounds, 
lyxed.            Per  cent. 

Paracasein 

mono- 

lacUte. 

Per  cent. 

Paranudeln 
caseoses 

and 
peptones. 
Per  cent. 

Amides. 
Per  c*nt. 

Present 

Fresh             4.55 

26.80 

3.78 
ao.87 

0.77 

Absent 

12  mos.          25.85 

Fresh             3.13 

12  mos.           4.23 

X.68 

3.96 
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A  comparison  of  the  data  embodied  in  this  table  shows  a  rela- 
tively large  formation  of  wSiter-soluble  nitrogen  compounds  in 
twelve  months  in  the  presence  of  acid,  while  in  the  absence  of 
acid  practically  no  proteolysis  had  occurred.  Paracasein  mono- 
lactate  was  present  in  only  mihute  quantities,  if  at  all,  in  the 
absence  of  acid,  while  a  considerable  amount  was  formed  in  the 
presence  of  acid.  The  increase  of  soluble  nitrogen  copipounds 
was  confined  largely  to  the  paranuclein,  caseoses  and  peptones, 
the  amount  of  Amides  remaining  small.  In  normal  cheese-ripen- 
ing, we  find  these  relations  reversed,  that  is,  the  amides  form  a 
considerably  larger  part  of  the  soluble  nitrogen  compounds  than 
do  the  higher  groups. 

The  results  embodied  in  Table  I  may  properly  be  interpreted 
as  showing  that  the  proteolytic  action  of  the  rennet  enzyme,  in 
cheese-ripening,  is  dependent  upon  the  presence  of  acid. 

EFFECT  OF  RENNET  ENZYMES  IN  CHEESE  CONTAINING  ACID-FORM- 
ING  AND  SOME  PROTEOLYTIC  ORGANISMS. 

For  the  purpose  of  comparison,  it  was  desired  to  have  some 
cheeses  made  from  milk  pasteurized  at  Ss**  C.  (185**  F.).  As 
factors  active  in  causing^  proteolytic  changes,  we  had  in  the 
cheeses  made  in  these  experiments  (i)  acid,  (2)  rennet  enzyme, 
and  (3)  such  micro-organisms  as  happened  to  be  introduced  with 
the  '^starter"  and  from  the  air  of  the  room.  As  compared  with 
a  normal  cheese,  there  were  no  milk  enzymes  present  and  the 
biological  factor  would  be  expected  to  be  considerably  less  marked. 
In  comparison  with  the  cheeses  referred  to  in  Table  I,  we  had 
in  these  no  chloroform,  a  difference  that  meant  absence  of  a 
biological  factor  in  the  former  case.  In  these  cheeses,  the  acid 
was  furnished  by  a  sour-milk  "starter."  In  Table  II,  we  give  the 
results  of  chemical  analysis  made  when  the  cheese  was  fresh 
from  the  press  and  when  nine  months  old. 

Tabi,e  II.— Showing  Composition  of  Cheese  Made  from  Pasteurizkd 

Milk. 

Nitrogen,  expressed  in  percentage  of  nitrogen 
in  cheese,  in  form  of 

Water-soluble        Para-       Paranuclein, 
Age  of  cheese  nitrogen  casein  mono-  caseoses  and .  Am- 

when  compounds.       lactate.  peptones.  Amides,    monia. 

analyzed.  Percent.       Percent.  Percent.  Percent.  Percent. 

Fresh- 3.13  11.36  3.13  o  o 

9monta8 35.54  5.14  12.79         12.75        1.31 
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In  Studying  these  results,  we  notice  that  there  was  an  increase 
in  all  the  different  classes  of  water-soluble  compounds  during  the 
period  of  experiment.  The  amount  of  amido  compounds  was 
considerably  in  excess  of  that  noticed  in  Table  I  in  the  case  of 
cheeses  made  and  kept  in  the  presence  of  chloroform.  Ammonia 
was  formed,  while  none  was  present  in  Table  I.  The  increased 
amounts  of  amido  compounds  and  the  presence  of  ammonia, 
observed  in  these  experiments,  as  compared  with  the  results  of 
the  experiments  given  in  Table  I,  must  be  ascribed  to  the  pres- 
ence in  the  former  of  a  biological  factor  and  not  to  rennet 
enzyme. 

COMPARISON  OF  THE  EFFECT  OF  COMMERCIAL  PEPSIN  WITH  THAT 
OF  RENNET  ENZYME  IN  CHEESE-RIPENING. 

In  the  following  experiments,  the  cheeses  were  made  in  the 
normal  way,  without  chloroform,  except  that  the  milk  was 
pasteurized  at  85*"  C.  (185**  F.)  and  hydrochloric  acid  was  used 
in  the  place  of  lactic  acid  or  a  "starter."  In  55,  rennet  extract 
alone  was  used  at  the  usual  rate  of  2.5  ounces  for  1000  pounds 
of  milk.  In  56,  in  addition  to  rennet  extract,  we  added  i  gram  of 
Parke,  Davis  &  Co/s  aseptic  scale  pepsin  dissolved  in  water,  and 
in  57,  we  used  15  grams  of  the  pepsin  and  the  usual  amount  of 
rennet  extract. 

Table  III.— Showing  Effect   of  Commercial   Pepsin  in  Cheese- 

Ripening. 

Nitrogen,  ezpreMed  a*  percentage  of  nitrogen 
in  cbecae,  in  form  of 
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55 

Fresh 

Rennet 
extract 

4.76 

65.45 

2.41 

2.36 

0.0 

55 

6mo8. 

28.37 

17.14 

15.87 

6.35 

2.00 

56 

Fresh 

1  Rennet  and 
I  gram 

6.97 

36.76 

4.11 

2.86 

0.0 

56 

6  mos. 

.      pepsin 

29.80 

17.04 

16.47 

7.10 

I.9I 

57 

Fresh 

Rennet  and 
\   15  grams 

25.00 

59.53 

22.80 

2.20 

0.0 

57 

3  mos. 

pepsin 

.46.67 

ii.6z 

41.00 

5.68 

0.49 
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In  studying  the  results  contained  in  Table  III,  we  notice : 
(i)  The  use  of  i  gram  of  commercial  pepsin  in  addition  to 
rennet  extract  slightly  increased  the  proteolytic  results  in  the 
cheese.     This  cheese  contained  considerably  less  moisture  than 
55  or  57. 

(2)  The  use  of  15  grams  of  commercial  pepsin  alonf^  with 
rennet  extract  produced  very  marked  results.  This  is  strikingly 
evident  in  the  fresh  cheese,  where  we  have  25  per  cent,  of  the 
nitrogen  in  the  cheese  present  in  the  form  of  water-soluble  com- 
pounds, while  in  the  case  of  Experiment  55,  in  which  rennet 
extract  only  was  used,  the  amount  of  soluble  nitrogen  compounds 
is  less  than  5  per  cent.  At  the  end  of  three  months,  we  still 
have  much  more  of  the  soluble  nitrogen  compounds  in  57,  the 
pepsin  cheese,  than  we  have  in  55,  the  rennet  extract  cheese,  at 
the  end  of  six  months. 

(3)  In  comparing  the  proteolytic  factors  in  Experiments  55  and 
57,  the  conditions  of  work  were  such  that  the  chief  essential 
difference  was  the  presence  of  pepsin  in  the  latter,  though  57 
contained  more  moisture  than  55.  The  observed  difference  in 
the  chemical  results  could,  therefore,  be  due  only  to  pepsin,  and 
this  would  be  particularly  true  of  the  results  obtained  in  the 
fresh  cheese. 

COMPARISON  OF  THE  KPFfiCT  OF  RENNET  ENZYME  AND  OF  COMMER- 
CIAL PEPSIN  IN  MII^K^  WITH  AND  WITHOUT  ACID. 

We  made  a  comparative  study  of  the  effect  of  rennet  enzyme 
and  of  commercial  pepsin  upon  milk-casein  and  upon  casein 
monolactate.  These  experiments  were  carried  out  in  the  follow- 
ing manner :  We  heated  8.6  liters  of  milk  for  fifteen  minutes  at 
85 "^  C  (185**  P.),  and  after  cooling  added  2  per  cent,  of  chloro- 
form by  volume.  Of  this  milk,  we  placed  in  each  of  several 
bottles  100  cc.  In  one  case,  we  added,  to  the  neutral  milk,  0.22 
cc.  of  Hansen's  fresh  rennet  extract,  and  in  another  the  same 
amount  of  old  rennet  extract.  In  other  bottles,  we  added,  in  addi- 
tion to  the  rennet  extract,  0.5  cc.  of  pure  concentrated  lactic  acid, 
which  was  sufficient  to  convert  the  milk-casein  into  the  mono- 
lactate. For  comparison,  we  placed  in  other  bottles,  with  and 
without  acid,  the  same  amount  of  milk  and  0.06  gram  of  Parke, 
Davis  &  Co.'s  aseptic  scale  pepsin  for  each  7  grams  of  proteid 
contained  in  the  milk.    Duplicates  were  used  in  all  cases.    The 
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contents  qf  these  bottles  were  kept  at  15.5®  C.  (60**  F.)  and  were 
examined  at  intervals,  both  chemically  and  bacteriologically.  With 
the  exception  of  a  single  determination,  in  the  case  of  one  bottle, 
the  germ  content  was  below  50  per  cubic  centimeter,  which  un- 
doubtedly represented  spore  forms.  The  old  rennet  extract  was 
used  for  the  purpose  of  answering  the  question  as  to  whether  the 
proteolytic  changes,  observed  in  Table  I,  were  due  to  rennet 
enzyme  alone,  or  whether  the  rennet  may  not  have  contained  some 
proteolytic  bacterial  enzymes  produced  in  the  rennet  extract 
previous  to  its  use. 

The  results  of  chemical  analysis  are  pven  in  the  subjoined 
table.  The  determinations  of  nitrogen  in  the  form  of  amides 
were  made  by  the  use  of  phosphotungstic  acid,  since  it  has  been 
shown^  that,  in  the  case  of  peptic  digestion,  phosphotungstic  acid 
is  a  more  satisfactory  reagent  than  tannic  acid,  especially  in  solu- 
tions having  an  acid  reaction.  The  amount  of  nitrogen  originally 
in  the  milk  was  0.561  per  cent. 

Tablb  IV. — Showing  thb  Effect  op  Rennet  Ekzymb  and  Commer- 
cial Pepsin  upon  Milk-Casein  and  Casein  Monolactate. 


of  nitrogen  in  milk,  in  form  of 
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enzyme 
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with  or 
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Per  cent. 

Caaeoses 
and 

Per  cent. 
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Fresh 

9.98 
"35 

Fresh  rennet 

Without 

I  mo. 

6.00 

5.35 

<«                    4( 

With 

I    ** 

29.80 

22.22 

7.58 

Old  rennet 

Without 

T      '* 

12.57 

4.99 

7.58 

It        « 

With 

I      '* 

25.23 

18.55 

6.68 

Commercial  pepsin 

Without 

I      ** 

8.91 

2.22 

6.69 

tf                 f« 

With 

I      ** 

33.51 

25.93 

7.58 

Fresh  rennet 

Without 

9mo6. 

18.98 

13.63 

5.35 

•<         << 

With 

9   " 

53-57 

45.64 

7.93 

Old  rennet 

Without 

9   " 

17.03 

12.13 

4.90 

•<        «■ 

With 

9   " 

47.96 

39.67 

8.29 

Commercial  pepsin 

Without 

9   '' 

10.08 

6.51 

3-57 

II                 11 

With 

9    " 

56.96 

48.05 

8.91 

The  data  embodied  in  Table  IV  appear  to  be  quite  definite  in 
respect  to  the  following  points : 

(i)  The  increased  activity  of  rennet  extract  as  well  as  of 
pepsin  in  the  presence  of  acid  is  verymarked.  Expressed  in  another 

1  New  York  Agr.  Bzpt.  Sta.  Bull.  No.  ai5,  pp.  90  and  98  (1900). 
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way,  these  enzymes  act  upcxi  casein  monolactate  much  more  ex- 
tensively than  upon  milk-casein. 

(2)  If  we  compare  the  results  secured  by  the  use  of  the  purest 
commercial  pepsin  with  those  ^ven  by  the  rennet  extracts,  we 
find  that,  in  the  presence  of  acid,  there  are  formed  soluble 
nitrc^^  compounds  quite  close  in  amount  to  those  formed  by 
rennet  extract.  The  amount  of  soluble  nitrogen  compounds 
formed  in  neutral  solution  was  fairly  stationary  during  the  nine 
mcmths,  while,  in  the  case  of  the  rennet  extracts,  there  was  a 
slow  increase.  The  amount  of  amido  compounds  was  surpris- 
ingly uniform  in  the  case  of  the  pepsin  and  the  rennet  extracts, 
in  both  neutral  and  acid  reaction. 

(3)  At  any  given  time,  the  fresh  rennet  extract  had,  in  most 
cases,  formed  a  larger  amount  of  soluble  nitrogen  compounds 
than  had  the  old  extract.  This  was  particularly  true  in  acid 
solution.  This  result  does  not  indicate  that  we  had  bacterial 
enzymes  in  the  old  rennet  in  addition  to  rennet  enzyme.  The 
difference  in  action  of  the  two  rennet  extracts  is  not  marked  in 
the  class  of  amido  compounds.  If  the  old  extract  contained 
bacterial  enzymes,  we  should  expect  it  to  produce  larger  amounts 
of  amido  compounds.  These  results  fail  to  show  that  the  old 
rennet  extract  contained  any  proteolytic  bacterial  enzymes,  as 
compared  with  the  fresh  extract.  Moreover,  the  results  given 
by  pepsin  suggest  that  the  pepsin  was  able  to  account  for  all  the 
changes  observed  in  the  case  of  the  rennet  extracts  in  the  presence 
of  acid. 

COMPARISON  OF  THE  EFFECT  OF  RENNET  ENZYME  AND  OF  COMMBR- 
CIAt  PEPSIN  ON  PARACASEIN  DILACTATE. 

Paracasein  monolactate  was  extracted  from  several  pounds  of 
cheese  by  a  10  per  cent,  solution  of  sodium  chloride  and  this  was 
treated  with  acid,  precipitating  paracasein  dilactate.  Of  this 
compound  washed  free  from  salt,  we  placed  25  grams,  suspended 
in  water,  in  each  of  several  flasks  and  sterilized  by  heat.  We 
then  sterilized  some  solution  of  pepsin  and  rennet  extract  by 
treating  with  0.5  per  cent,  of  formalin,  containing  0.2  per  cent, 
of  formaldehyde.  According  to  Bliss  and  Novy,^  pepsin  is  not 
affected  by  a  i  per  cent,  solution  of  formaldehyde  nor  rennet  by 
a  4  per  cent,  solution.    In  one  set  of  flasks,  we  added  to  each 

^Jour.  Expi.  Med,,  4,  No.  i  (1899). 
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ao6  gnm  of  the  sterilized  pepsin,  and  in  each  of  the  other  set 
of  flasks  0.5  cc  of  the  sterilized  rennet  extract.  Duplicates  were 
used  in  all  cases.  These  were  examined  bacteriologically  and 
chemically,  at  intervals  for  three  months.  The  formalin  was 
very  effective  in  destroying  bacterial  forms.  In  some  cases  a 
few  molds  were  found,  but  not  in  sufficient  number  to  affect  the 
work.    The  nitrogen  in  the  material  was  4.35  per  cent. 

Tabz,b  v.— Showing  Effect  of  Rennet  Enzyme  and  Commercial 
Prpsin  on  Paracasein  Dxulctatb. 

Nitrogen,  expressed  as  percentage  of  nitrogen  in 
mixture,  in  form  of 


Eaaymea 
naed. 

Age  when 
analysed. 

Water- 
soluble 
nitrogen 
compounds 

Para- 
casein 
mono- 
lacUte. 
Per  cent. 

Para-nudein 
caseoses 

and 
peptones. 
Per  cent. 

Amides. 
Per  cent. 

Am- 
monia. 
Per  cent. 

Pepsin 

a  weeks 

33.68 

2.30 

.... 

.... 

0 

Rennet 

i< 

34.95 

2.30 

.... 

.... 

0 

I  mo. 

4X.61 

... 

37.87 

3.74 

0 

Rennet 

It 

43.68 

... 

40.00 

3.68 

0 
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Jrepein 

3 " 

55.75 

... 

46.55 

9.20 

0 

Rennet 

« 

57.25 

• . « 

49.53 

7.72 

0 

From  the  data  contained  in  Table  V,  we  can  see  that  the  results 
of  our  work  indicate  that : 

(i)  Both  pepsin  and  rennet  enzyme  exerted  a  marked  proteo- 
lytic effect  upon  the  paracasein  dilactate,  digesting  about  one- 
third  of  it  in  two  weeks  and  considerably  over  one-half  in  three 
months.  While  the  rennet  enzyme  appears  somewhat  more  active 
in  forming  water-soluble  nitrogen  compounds^  the  actual  differ- 
ence is  small. 

(2)  Both  enzymes  formed  amides  in  small  quantities,  but 
neither  produced  any  ammonia. 

(3)  If  we  compare  the  results  in  Table  V  with  those  in  Table 
III,  we  find  that  more  proteolysis  occurred  in  this  experiment  than 
in  the  presence  of  chloroform.  This  is  true  of  both  enzymes. 
This  suggests  that  the  chloroform  may  exert  a  retarding  in- 
fluence upon  the  action  of  pepsin  and  rennet.  Malfitano^  makes 
the  statement  that  the  action  of  pepsin  is  considerably  diminished 
by  chloroform.  The  difference  noted  in  our  work  may  be  due 
to  the  greater  amount  of  acid  present  in  ^the  experiment  in  Table 
V.  However,  both  sets  of  experiments  practically  agree  in  show- 
ing^ small  formation  of  amides  and  entire  absence  of  ammonia. 

1  Ann.  Insi,  PuUur^  t6,  853  (19M). 
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EFFECT  OF  COMMON  SALT  ON  THE  ACTION  OF  RENNET  ENZYME  IN 
CHEESE-RIPENING. 
Previous  work^  shows  that  salt  exerts  a  marked  repressing  in- 
fluence upon  the  proteolytic  action  of  those  enz3mies  that'  are 
present  in  milk  when  made  into  cheese.  We  have  alsu  found  thac 
in  normal  cheese  the  addition  of  increased  quantities  of  salt  de- 
creases the  rapidity  of  proteolysis.  We  planned  several  of  our 
experiments  with  a  view  to  study  the  action  of  salt  on  cheese- 
ripening,  when  rennet  enzyme  is  the  only  proteolytic  factor  pres- 
ent. The  results  were  not  at  all  conclusive,  but  seem  to  indicate, 
as  far  as  they  go,  that,  in  cheese-ripening,  salt,  in  the  propor- 
tions commonly  used,  has  little  or  no  influence  upon  the  action 
of  rennet  enzyme.  It  may  be  mentioned,  in  this  connection,  that 
Chittenden  and  Allen'  have  shown  that  the  action  of  pepsin,  in 
digesting  blood-fibrin,  is  diminished  by  the  presence  of  common 
salt. 

EFFECT  OF  ABNORMAL  CONDITIONS  PRESENT. 

We  have  already  called  attention  to  the  difference  of  conditions 
present  in  the  experiments  described  in  this  bulletin  and  those 
found  in  normal  cheese.  We  will  now  consider  these  in  more 
detail.  These  abnormal  conditions,  found  in  our  experiments, 
but  not  present  in  normal  cheese,  are  the  following:  (i)  Milk 
heated  to  85^  C.  to  98**  C.  (185**  F.  to  208^  F.)  to  destroy  all  ^ 
enz3rmes  originally  existing  in  milk;  (2)  the  use  of  calcium  chlo- 
ride or  carbon  dioxide  gas  to  restore  the  coagulating  property  of 
milk-casein  by  rennet  extract;  and  (3)  the  use  of  chloroform  to 
suppress  all  activity  of  organisms.  The  question  naturally  arises 
as  to  whether  the  introduction  of  these  unusual  conditions  seri- 
ously affected  the  results  obtained  and,  if  so,  in  what  manner  and 
to  what  extent. 

If  the  conditions  mentioned  showed  any  influence  upon  the 
action  of  rennet  enzyme,  the  tendency  was  an  unfavorable  one 
for  the  action  of  this  enzyme. 

SUMMARY  AND  DISCUSSION  OF  RESULTS. 

In  the  work  described  in  the  preceding  pages,  we  have  studied 
the  proteolytic  action  of  rennet  enzyme  under  the  following 
conditions : 

1  New  York  Apr.  Hxpt.  8U.  Bull.  No.  ao3«  p.  241  (1901)* 
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(j)  In  Cheese  Containing  Rennet  Bnzyme  as  the  Only  Proteo- 
lytic Agent,  with  and  without  Acid,  and  also  with  and  without 
Salt — In  these  experiments,  all  milk-enzymes  were  desttoyed  by 
heating  at  95**  C.  to  98°  C.  (205''  F.  to  208''  F.) ;  the  coagulable 
property  of  the  milk-casein  was  restored  by  the  addition  of  either 
calcium  chloride  or  carbon  dioxide  gas,  and  all  organisms  were 
rendered  inactive  by  chloroform.  Acid,  when  present,  was  fur- 
nished by  addition  of  pure  lactic  acid. 

(2)  In  Cheese  Containing  Rennet  Enzyme  together  with  Acid- 
forming  and  Some  Proteolytic  Organisms, — In  these  experiments, 
the  milk-enzymes  were  destroyed  by  heating,  acid  was  furnished 
by  a  lactic  acid  "starter,"  but  no  chloroform  was  used.  Wp  thus 
had,  as  our  only  proteolytic  agents,  rennet  enzyme  in  the  pres- 
ence of  acid  and  some  liquefying  organisms  that  were  introduced 
in  the  "starter"  or  that  got  into  the  milk  or  curd  during  the 
operation  of  cheese^making. 

(j)  In  Cheese  Containing  Commercial  Pepsin  in  Addition  to 
Rennet  Bmyme,  together  with  Hydrochloric  Acid  and  Such 
Organisms  as  Were  Introduced  during  the  Process  of  Making 
Cheese. — In  these  experiments,  the  milk  enzymes  were  destroyed 
by  heat  and  commercial  pepsin  added  in  different  amounts. 

(4)  In  Comparison  with  Commercial  Pepsin  on  Casein  in  Milk, 
with  and  without  Acid. — In  these  experiments,  the  milk  enzymes 
were  destroyed  by  heat  and  all  organisms  were  rendered  inactive 
by  chloroform. 

(5)  In  Comparison  with  Commercial  Pepsin  on  Paracasein 
Dilactate. — In  these  experiments,  rennet  enzyme  and  commercial 
pepsin,  sterilized  by  formaldehyde,  were  allowed  to  act  upon  sterile 
paracasein  dilactate. 

The  results  of  these  experiments  appear  to  us  to  justify  the 
following  statements : 

(i)  In  thfe  case  of  every  experiment  made,  whether  with  cheese 
or  milk,  there  was  little  or  no  proteolytic  action  of  either  rennet 
enzyme  or  commercial  pepsin  in  the  absence  of  acid,  while  there 
was  marked  action,  though  in  varying  degrees,  in  the  presence 
of  acid. 

(2)  In  the  absence  of  acid  in  cheese,  no  paracasein  lactate  is 
formed  and  little  or  no  proteolysis  occurs ;  in  the  presence  of  acid 
in  cheese,  or  more  strictly  in  the  milk  and  curd,  paracasein  mono- 
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lactate  is  formed  and  proteolysis  takes  place,  with  the  rennet 
ferment  as  the  active  agent  The  ability  of  rennet  enzyme  to 
convert  paracasein  into  sduble  nitrogen  compounds  appears  to 
depend  upon  the  presence  of  paracasein  lactate  In  cheese- 
making,  therefore,  the  primary  functioi  of  add  appears  to  be  the 
formation  of  a  chemical  compound  with  paracasein,  commonly 
paracasein  monolactate  but,  in  excess  of  acid,  paracasein  dilactate. 
The  conversion  of  paracasein  monolactate  by  rennet  enzyme  into 
soluble  nitrogen  compounds  is  strongly  suggested  by  the  fact 
that,  when  the  soluble  nitrc^^en  compounds  increase,  the  para- 
casein monolactate  decreases. 

(3)  In  comparing  rennet  enzyme  and  commercial  pepsin  in  the 
case  of  cheese,  milk  and  paracasein  dilactate,  the  experiments  that 
were  strictly  parallel  have  shown  about  the  same  extent  of  proteo- 
lytic action. 

(4)  In  the  case  of  both  rennet  enzyme  and  commercial  pepsin, 
the  chemical  work  performed  by  the  ferments  is  confined  mainly 
to  the  formation  of  paranuclein,  caseoses  and  peptones,  while  only 
small  amounts  of  amides  are  formed,  and  no  ammonia. 

(5)  Rennet  enzyme  is  a  peptic  ferment,  as  shown  by  the  f (blow- 
ing characteristics :  (a)  Neither  rennet  enzyme,  nor  pepsin  causes 
much,  if  any,  proteolytic  change,  except  with  the  help  of  acid; 
(fc)  the  quantitative  results  of  proteolysis  furnished  by  rennet 
enzyme  and  pepsin  agree  closely  when  working  on  the  same 
material  under  comparable  conditions;  (c)  the  classes  of  soluble 
nitrogen  compounds  formed  by  the  two  enzymes  are  the  same 
both  qualitatively  and  quantitatively;  (d)  neither  enzyme  forms 
any  considerable  amount  of  amido  compounds,  and  neither  pro- 
duces any  ammonia;  (e)  the  soluble  nitrogen  compounds  formed 
by  either  enzyme  are  chiefly  confined  to  the  groups  of  com- 
pounds known  as  paranuclein,  caseoses  and  peptones. 

(6)  The  experiments  made  to  determine  the  influence  of  salt 
on  the  proteolytic  action  of  rennet  enzyme,  while  not  conclusive, 
suggest  that  salt  has  little  or  no  effect  upon  the  action  of  rennet 
enzyme  in  cheese-ripening. 

(7)  In  obtaining  our  results  relating  to  the  study  of  the  func- 
tion of  rennet  enzyme  in  cheese-ripening,  we  were  necessarily 
compelled  to  work  under  conditions  more  or  less  abnormal  as 
compared   with   the   conditions   commonly   present   in   cheese* 
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making.  The  effect  of  such  unusual  conditions  would  tend,  if 
they  had  influence  at  all,  to  diminish  the  proteolytic  action  of 
rennet  enzyme.  We  are,  therefore,  justified  in  believirig  that  our 
results  represent  the  minimum  effect  01  rennet  enzyme  in  cheese- 
ripening  and  that,  under  normal  conditions,  it  takes,  if  anything, 
a  larger  part  than  that  indicated  by  our  experiments. 

(8)  In  some  experiments,  we  eliminated  all  milk  enzymes  and 
all  active  forms  of  organisms  contained  in  the  milk  before  making 
it  into  cheese.  In  some  cases,  we  had  rennet  enzyme  in  the 
presence  of  acid  as  the  only  proteolytic  agent  in  the  cheese;  in 
others^  we.  had  the  same  conditions  and,  in  addition,'  such  pro- 
teolytic organisms  as  chanted-  to  get  into  the  milk  and  curd  dur- 
ing the  process  of  cheese-making.  In  the  latter  case  larger 
amounts  of  amides  were  formed,  and  some  ammonia,  while,  in 
the  presence  of  rennet  enzymes  alone,  no  ammonia  was  formed 
and  only  small  amounts  of  amido  compoiuids.  When  we  com- 
pare normal  cheese  with  cheese  containing  only  rennet-enzyme, 
we  find  the  same  difference,  except  that  it. is  more  pronounced, 
as  we  should  expect.  Hence,  the  special,  work  done  by  the  rennet 
enzyme  as  a  factor  in  cheese-ripening  is  that  of  a  peptic  di- 
gestion, forming  groups  of  water-soluble  nitrogen  compounds, 
intermediate  in  complexity  of  structure  between  paracasein  and 
the  amido  compounds,  znjs,,  paranuclein,  caseoses  and  peptones. 

In  normal  cheese,  we  find  an  accumulation  of  amides  and 
ammonia,  as  the  cheese  g^ows  older,  and  a  corresponding  diminu- 
tion of  the  compounds  previously  formed.  The  formation  of  all 
the  ammonia  and  of  a  large  proportion  of  the  amides  found  in 
ripened  cheese  must  be  due  to  some  ^ency  other  than  rennet 
enzyme,  and  the  only  other  agents  present,  besides  milk  enzymes, 
that  can  do  this  work  appear  to  be  organisms  or  their  enzymes. 
The  first  stage  in  normal  cheese-ripening  is  essentially  a  peptic 
digestion  of  paracasein  monolactate.  Gradually  amides  are 
formed  and  later  ammonia.  It  is  probable  that  the  first  chemical 
work  done  in  normal  cheese-ripening  is  the  conversion  of  para- 
casein monolactate  by  rennet  enzyme  into  paranuclein,  caseoses 
and  peptones.  The  question  niaturally  arises  as  to  whether  these 
compounds  must  be  formed  before  other  agents  can  take  part  in 
the  work  and  carry  it  along  farther,  producing  amides  and  am- 
monia. We  are  at  present  engaged  in  studying  this  phase  of 
the  problem. 
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(9)  When  rennet  enzyme  was  the  only  digesting  agent  in  cheese, 
we  were  unable,  in  any  case,  to  find  the  slightest  traces  of  cheese 
flavor.  Apparently,  we  must  look  to  other  sources  for  diis  im- 
portant product  of  cheese-ripening. 
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A  METHOD  OP  QRADINO  SOAPS  A5  TO  THEIR  DBTER- 
QBNT  POWER. 

BT  H.  W.  HnXTBE. 

KMHVM  OctOMT  fi  1909* 

As  PAR  as  known  to  the  writer,  no  method  for  directly  determin- 
ing the  detergent  value  of  a  soap  is  now  known.  It  is  assumed, 
and  with  mudi  justice,  that  the  value  of  a  soap  is  a  function  of 
the  amount  of  combined  fatty  adds  present,  and  the  valuation  of 
soaps  is  now  based  on  the  determination  of  the  fatty  adds.  Be- 
sides this,  the  determination  of  the  free  alkali  and  of  water  and 
various  filling  materials  is  required.  These  determinations  give 
evidence  on  which  the  valuation  of  the  soap  may  be  based  and, 
to  some  extent,  for  ascertaining  the  materials  from  which  it  is 
made,  but  do  not  f^ve  any  direct  measure  of  the  value  as  a 
deansing  agent  and,  further,  require  a  complex  judgment  to 
interpret  them. 

The  method  now  proposed  is  based  on  the  study  of  sodium 
soaps,  previously  publishd  in  this  Journal,  aSt  511  and  524.  In 
the  artides  indicated,  it  was  found  that  when  a  solution  of  a 
soap  is  made  to  form  drops  beneath  the  surface  of  an  oil.  the 
ntunber  of  drops  formed  from  a  given  volume  of  the  solution  is 
dependent  on  the  amount  of  soap  present  in  the  solution.  Further, 
the  conclusion  was  reached  that  tfie  number  of  drops  formed  was 
a  measure  of  the  emulsifying  power  of  the  given  soap  sdution, 
and  that  the  emulsifying  power  was  so  large  a  part  of  the. 
deansing  power  that  it  might  stand  as  a  measure  of  it,  espedally, 
since  two  of  the  other  probable  factors  in  cleansing,  namely, 
penetrating  or  wetting  power,  and  lubricating  power  are  depen- 
dent on  the  same  physicad  properties  as  the  emulsifying  power. 
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Soaps  are  used  principally  in  one  of  two  ways.  They  are  used 
with  cold  or  luke-warm  water,  as  in  wool-scouring  and  for  toilet 
purposes ;  or,  on  the  other  hand,  they  are  used  in  boiling  water, 
as  in  silk-boiling,  dish-washing,  and  laundry  work.  A  soap  may 
be  of  value  for  one  of  these  purposes  and  of  comparatively  little 
value  for  the  other.  The  method  proposed  takes  these  two  pecul- 
iar conditions  of  use  into  account  and  attempts  to  grade  the 
soaps  as  to  their  efficiency  for  cold  use  and,  on  the  other  hand, 
for  use  with  hot  water. 

For  making  the  test  for  efficiency  in  use  with  hot  water, 
the  apparatus  is  similar  to  that  used  for  the  study  of  sodium 
palmitate  and  stearate,  but  modified  in  the  intertet  of 
greater  constancy  of  results.  The  essential  part  is  a  pipette  (A) 
with  a  capillary  outlet  of  about  0.5  mm.  internal  diameter  and  a 
flat,  horizontal  surface,  about  10  mm.  in  diameter,  from  which  the 
drops  fall.  This  surface  must  be  free  from  capillary  openings, 
which  may  contain  air,  as  described  in  a  former  article.  The 
reservoir  of  the  pipette  is  spherical,  that  it  may  have  a  small 
vertical  height  relatively  to  its  volume,  since  a  great  vertical 
height  makes  a  greater  difference  in  the  pressure  and  consequent 
rate  of  flow  at  the  commencement  and  at  the  end  of  an  obierva- 
tion.  When  the  initial  pressure  is  great,  the  rapidity  of  flow  may 
make  the  solution  run  down  in  a  stream  or  cause  the  drops  to 
be  formed  too  rapidly  to  be  easily  counted.  This  may  be  over- 
come by  dipping  the  pipette  more  deeply  into  the  oil ;  but  when 
that  is  done  the  later  drops  are  formed  more  slowly  than  is  de- 
sirable. By  having  the  bulb  capacious  in  proportion  to  its  verti- 
cal height  the  initial  and  final  rates  of  flow  are  nearly  enough 
alike  to  prevent  any  special  difficulty.  The  pipette  holds  5  cc. 
from  a  mark  on  the  stem  to  the  upper  end  of 'the  capillary.  The 
stem  has  an  internal  diameter  of  3  mm.,  wide  enough  to  allow 
filling  from*  above,  and,  to  facilitate  this  method  of  filling,  it  is 
widened  at  the  upper  end  into  a  small  funnel. 

The  second  part  of  the  apparatus  is  the  receptacle  for  the  oil, 
which  may  be  a  simple  test-tube,  but  is  preferably  made  in  the 
form  (BC)  indicated  in  the  drawing.  This  form  maintains  a  more 
nearly  constant  pressure  and  promotes  more  s^fular  work.  To 
maintain  the  apparatus  at  the  boiling-point  of  water,  it  is  sup- 
ported in  a  large  beaker,  which  is  used  as  a  water-bath.    The 
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beaker  is  covered  with  a  sheet  of  zinc  or  aluminum  ^ith  its 
edges  turned  down  over  the  edge  of  the  beaker,  and  with  a  per- 
foration cut  in  it  suitable  for  the  insertion  of  the  apparatus. 


Q   ^ 


O     <^ 


To  make  use.  of  the  apparatus,  2  of  3  cc*  of  water  are  poured 
into  B  and  then  followed  by.  20  cc  of  kerosene.  A  little  of 
the  solution  to  be  tested,  previously  heated  on  a  boiling  water- 
bath,  is  poured  intp  the  pipette  and  shaken  about,  and  then  blown 
out  through  the  capillary,  using  a  piece  of  rubber  tubing  as  a- 
mouth-piece.  This  is  repeated  twice  more.  Then  the  pipette  is 
filled  full,  and  by  a  strong  pressure  from  the  lungs  the  air  bubbles 
are  forced  out  of  the  capillary  and  washed  away.  The  pipette, 
supported  in  a  cork,  is  placed  in  the  kerosene,  and  the  number  of 
drops  formed  from  5  cc.  of  the  solution  is  counted.  The  solution, 
as  it  flows  from  the  pipette,  falls  to  the  bottom  of  ttie  oil  reser- 
voir B  and  overflows  into  C,  while  the  level  of  the  kerosene 
remains  constant  and  the  variation  of  pressure  is  that  only  which 
results  from  the  change  of  level  of  the  solution  in  the  pipette. 
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Since  this  is  in  every  case  the  same,  comparable  results  are  more 
easily  obtained  than  by  the  use  of  a  test-tube  as  oil  reservoir. 

To  make  a  test  of  efficiency  of  the  soap  for  use  in  cold  water, 
the  same  apparatus  is  used,  except  that  the  beaker,  used  as  a 
water-jacket,  is  not  necessary. 

As  a  standard  for  the  hot  test,  i  gram  of  neutral  sodium  pal- 
mitatc,  dissolved  in  2C0  cc.  of  hot  water,  is  used.  Of  this,  10  cc., 
20  cc,  30  cc,  and  40  cc.  are,  respectively,  diluted  to  50  cc.  with 
boiling  water,  giving  solutions  containing  0.2,  0.4,  0.6,  and  0.8 
of  the  standard.  The  number  of  drops  formed  by  each  of  these 
solutions,  when  it  flows  into  a  kerosene,  adopted  as  a  standard 
kerosene,  is  determined,  and  also  the  number  of  drops  formed 
by  the  standard  solution  itself  and  the  number  of  drops  formed 
by  water.  The  data  obtained  are  plotted  as  a  curve  in  which  the 
ordinates  represent  percentages  of  the  standard  and  the  abscissas 
represent  the  number  of  drops  corresponding  to  the  percentages 
of  the  standard.  The  data,  obtained  with  a  certain  kerosene,  are 
here  given  and  the  curve  (A)  derived  is  shown  in  the  figure. 

The  standard  is  made  by  bringing  together  0.921  gram  of 
pahnitic  acid  arid  36  cc.  decinormal  sodium  hydroxide  and  dilu- 
ting to  200  cc.  with  hot  water. 

Full  standard  gives  drops  271-265-269  =  268  average. 
0.8         ••  «•        "  228-228  =228 

0.6         «•  "        "  180-178  =179 

0.4         **  "        •*  118-121  =119 

0.2         -  "        -  56-55Vi=  56 

Water  •*        *•  19      =  19 

If  any  solution  of  sodium  palmitate,  which  contains  an  amount 
less  than  one  part  in  200  of  water,  is  tested  by  the  dropping 
method  at  the  boiling-point,  the  amount  present  may  be  deter- 
mined by  counting  the  number  of  drops  formed.  By  finding,  on 
the  curve,  a  point  corresponding  to  the  number  of  drops  counted 
and  letting  fall  a  perpendicular  from  this  point  upon  the  base  line, 
a  point  will  be  found  which  indicates,  as  a  percentage  of  the 
standard,  the  amount  of  palmitate  present. 

Other  soaps  may  be  tested  in  the  same  way  and  referred  to 
sodium  palmitate  as  a  standard.  If  0.5  gram  of  a  commercial 
soap  is  dissolved  in  100  cc.  hot  water  and  its  solution  tested  at 
the  boiling-point,  we  may  state  the  result  in  this  way :  The  soap 
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in  question  gives  the  number  of  drops  which  would  be  given  by 
a  solution  of  sodium  palmitate  containing  (jr)  per  cent,  of  the 
standard. 

According  to  the  conclusions  arrived  at  in  the  previous  articles, 
the  number  of  drops  is  a  measure  of  the  detergent  power  of  the 
solution.  Consequently,  the  result  of  the  test  may  be  stated  as 
follows :  The  soap  has,  when  used  for  cleansing  with  hot  water, 
a  detergent  power  as  great  as  a  soap  containing  (jt)  per  cent, 
of  sodium  palmitate. 

TEST  FOR  COIXH  WATER  SOAPS. 

A  solution  containing  one  part  of  sodium  oleate  in  200  parts 
of  cold,  freshly  boiled,  distilled  water  is  taken  as  the  100  per  cent, 
standard  for  soaps  to  be  used  with  cold  water.  Prom  this,  frac- 
tional standards  are  made  as  before,  using  cold,  freshly  boiled, 
distilled  water  to  dilute  with.  All  are  tested  as  to  their  drop 
number  in  the  cold  and  a  curve  constructed.  In  a  previous 
article  it  was  stated  that  the  curve  for  sodium  oleate  was  differ- 
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€nt  in  shape  from  the  curves  for  the  other  sodium  soaps  tested. 
The  following  data  gives  a  curve  for  oleate  (B),  which  appears 
to  have  nearly  the  same  form  as  the  curves  previously  given  for 
rosin  soap  and  different  from  the  curves  formerly  given  for 
<deate.  But  this  difference  is  due  to  the  greater  dilution  of  the 
S(dution  and  to  the  greater  number  of  fractional  standards,  and 
to  the  fact  that  observations  are  made  nearer  the  origin.  The 
curve  shows  that  sodium  oleate  is  somewhat  hydrolyzed  at  great 
dilutions.  A  set  of  standards  gave  the  following  data  and 
curve  (B). 

Full  standard  gives  drops  153-153  =  153  average. 


0.8 

I39-I4I  =  140 

0.7 

128-128  =  128 

0.6 

123-122=123 

0.5 

111-111  =  111 

0.4 

107-105  =  106 

0.3 

84         =     84 

0.2 

51-50     =     51 

O.I 

25-25     =     25 

j                              Water 

.^-.1 

II-ll      =     11 
£ ^£C 

For  evaluating  a  commercial  soap  for  efficiency  in  use  with 
cold  water,  the  following  method  of  working  was  decided  upon 
after  trying  several  others^  which  will  be  indicated  later.  The 
soap  to  be  tested  is  shaved  as  thin  as  possible,  and  0.5  gram  of 
the  shavings  weighed  and  placed  in  a  100  cc.  flask.  The  flask  is 
then  filled  to  the  mark  with  cold,  freshly  boiled  water  and  allowed 
to  stand  over  night.  In  the  morning  the  solution  is  stirred,  and 
filtered  through  a  dry  filter,  letting  all  run  through  that  will  and 
keeping  the  solution  in  the  funnel  protected  from  the  carbon 
dioxide  of  the  air  by  a  watch-glass.  When  all  has  run  through, 
the  filtrate  is  stirred  gently,  avoiding  making  a  foam,  and  a 
dropping  test  in  the  cold  is  made,  using  the  same  pipette  and 
kerosene  ds  that  used  in  testing  the  standards.  By  applying,  to 
the  standard  curve,  the  drop  number  observed,  a  number  is  ob- 
tained which  may  be  stated,  as  in  case  of  the  hot  test.  A  certain 
niunber  of  drops  ^ows  that  the  soap  in  question  is  as  efficient 
for  cold  cleansing  as  an  equal  amount  of  soap  containing  (x) 
per  cent,  of  sodium  oleate. 

Since  surface-tension,  viscosity,  specific  gravity  and  solubility, 
factors  which  enter  nore  or  less  into  the  working  of  the  test,  are 
all  influenced  by  changes  of  temperature,  it  is  best  to  maintain 
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the  temperature  constant,  as  nearly  as  possible,  in  all  the  work 
involved  in  making  the  cold  test.  It  will  be  convenient,  in  many 
cases,  to  select  a  convenient  room  temperature  and  maintain  this, 
as  nearly  as  possible,  during  the  preparation  and  testing  of  the 
standards,  and  the  preparation  and  testing  of  the  soap  solutions 
to  be  evaluated.  If  many  tests  are  to  be  made,  a  trough  with 
glass  sides,  through  which  a  stream  of  hydrant  water  is  main- 
tained, might  be  convenient  to  set  the  flasks  in  and  to  receive  the 
oil-holder  while  observations  are  being  made. 

Data  obtained  with  a  few  commercial  soaps  are  here  given, 
showing  for  each  the  number  of  drops  formed  in  the  cold  test  and 
the  percentage  efficiency  for  cold  use,  indicated  by  the  test ;  and 
th^  drop  number  by  the  hot  test  and  percentage  efficiency  for  hot 
use.    The  soaps  tested  are  nearly  all  much-advertised  soaps. 

Cold.  Hot. 


Number. 

Drops. 

Sfficiency. 

Drops. 

BfBdeiicy. 

Remarks. 

X 

121 

37 

90 

31 

Cold  made,  cocoanut  oil. 

2 

56 

13 

67 

21 

Hygienic  cocoanut  oil. 

3 

114 

34 

221 

77 

Toilet. 

4 

119 

36 

202 

69 

Shaving. 

5 

84 

22 

80 

28 

Tar.  toilet. 

6 

75 

19 

103 

35 

Yellow  launjiry,  rosin. 

7 

lOO 

28 

135 

45 

(1            tt            It 

8 

107 

31 

173 

58 

Household  for  cold  use. 

9 

98 

27 

150 

50 

(i                        tC                        «l 

lO 

139 

49 

170 

57 

«f              i(              II 

II 

97 

27 

206 

71 

White  laundry  and  toilet. 

12 

... 

.. 

226 

79 

II           II 

13 

... 

.. 

216 

75 

Prime  yellow  laundry. 

U 

120 

37 

218 

76 

i<         II            II 

15 

104 

30 

277 

106 

Steam  laundry,  tallow. 

i6 

142 

54 

... 

Castile,  old  and  dry. 

These  results  show  how  wide  a  ditference  there  is  between 
soaps  which  have  wide  sale  and  also  the  desirability  of  having 
some  standard  by  which  to  readily  judge  them.  In  the  retail 
market,  many  household  soaps  sell  at  the  price  of  five  cents  per 
bar.  The  bars  vary  very  much,  in  weight,  but  it  was  found  that 
in  a  number  of  cases  the  value  per  bar  was  approximately  equal 
according  to  the  dropping  test.  For  example,  No.  6  is  sold  in 
bars  weighing  330  grams;  its  hot  test  shows  35  per  cent.  The 
product  of  these,  or  efficiency  per  bar  is  11 5.5.    No.  7  is  sold  in 
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2;o-gram  bars.  The  hot  test  shows  45  per  cent.,  or  efficiency  per 
bar,  121.5.  No.  11  is  sold  in  160-gram  bars.  Hot  test,  71  per  cent 
Efficiency  per  bar,  113.6. 

This  calculation  shows  that  in  some  cases  the  manufacturers 
have  correctly  estimated  the  relative  value  of  their  product. 

From  the  table  h  may  be  seen  that  those  soaps  intended  for 
toilet  purposes  or  advertised  for  cold  use  are,  for  the  most  part, 
of  a  relatively  high  efficiency  by  the  cold  test.  No.  16  is  a 
dry,  old,  standard  castile  soap  and  shows  the  highest  cold  test 
of  any.  But  it  is  somewhat  surprising  that  even  this  is  only  a 
little  more  than  half  as  efficient  as  pure  sodium  oleate. 

No.  15  is  a  soap  known  to  be  made  from  tallow.  It  is  con- 
sumed by  local  steam  laundries  and  regarded  by  them  as  the  best 
soap  they  can  find  for  their  purpose.  According  to  the  hot  test, 
it  is  above  the  standard  palmitate  in  efficiency.  Nos.  ii,  12,  13, 
and  14  are  among  the  niost  highly  appreciated  family  soaps  on 
the  market,  and  show  a  high  hot  test. 

That  there  is  not  a  complete  agreement  between  the  tests  and 
the  advertised  uses  is  not  strong  evidence  against  the  test.  The 
makers  may  be  mistaken  in  their  judgment  of  the  best  way 
to  use  their  soaps,  or  they  may,  in  some  cases,  purposely  advertise 
them  for  uses  to  which  they  are  not  well  adapted. 

It  is  not  expected  that  the  method,  at  least  in  its  present  form, 
will  give  a  very  exact  measure  of  the  value  of  soaps,  but  it  is 
hoped  that,  in  a  field  where  there  is  no  exact  method,  the  one 
here  proposed  may  aid  consumers  in  selecting  soaps  fitted  to 
their  special  needs  and  in  writing  specifications  by  which  soaps 
may  be  contracted  for.  It  is  also  hoped  that  it  may  lead  to  a 
more  concordant  judgment,  on  the  part  of  manufacturers,  as  to 
what  a  normal  soap  is,  and  as  to  how  far  it  is  legitimate  to  vary 
from  this  normal  soap.  If  some  ready  method  of  judging  a  soap 
is  adopted,  it  may  seem  unprofitable  both  to  maker  and  consumer 
to  pay  freight  charges  on  water  and  fillers  which  are  of  no  real 
detergent  value. 

The  hot  test  may  be  relied  upon  to  give  results  concordant 
within  I  per  .cent,  for  successive  samples  and  within  a  much 
closer  limit  in  duplicate  tests  of  the  same  sample.  The  cold  test 
is  not  as  accurate  as  the  hot  test  on  account  of  the  colloidal 
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nature  of  the  solution.  It  will  pnobaUy  grade  soaps  within  4 
or  5  per  cent,  in  the  case  of  soaps  whose  solutions  are  very  slimy, 
and  within  a  closer  limit  in  cases  in  which  the  solutions  are  mobile. 

The  working  out  of  the  hot  test  presented  no  particular  difficulty, 
since  the  soaps  worked  with  dissdve  in  hot  water  to  give  mobile 
solutions  which  readily  flow  through  the  pipette  and  can  be 
readily  duplicated.  In  working  out  the  cold  test,  the  method  in- 
dicated was  adopted  only  when  other  methods  proved  unsatis-* 
factory.  It  is  thought  best  to  give  an  account  of  some  of  these 
attempts  that,  others  may  not  find  it  necessary  to  repeat  them 
without  modification. 

At  first  the  solutions,  prepared  for  the  hot  test,  were  allowed 
to  cool,  then  poured  upon  a  filter  and  the  filtrate  tested  cold.  But 
the  first  portion  of  the  filtrate  gives  a  lower  drop  number  than 
the  later  portions,  and  even  if  all  is  allowed  to  drain  off  before 
testing,  and  in  this  way  an  average  for  the  whole  sample  ob- 
tained, the  drop  numbers  for  successive  samples  is  not  at  all 
concordant.  These  difficulties  are  probably  due  to  the  great 
variation  in  the  solubility  of  the  colloidal  precipitate  which  sepa- 
rates, with  small  differences  in  temperature  and  to  the  slowness 
with  which  equilibrium  is  reached  between  the  dissolved  and 
undissolved  colloid. 

It  was  thought  that  by  making  the  solutions  more  dilute,  they 
might  have  a  low  enough  viscosity,  when  cold,  to  flow  through 
the  pipette  without  filtering.  This  was  found  to  be  the  case 
when  the  solutions  contained  only  one  part  in  400  parts  of  water 
but  on  testing  several  soaps  of  different  classes  in  this  way,  they 
all  showed  nearly  the  same  cold  test  and  no  comparison  could 
be  based  on  the  results. 

Another  attempt  was  made  by  adding  a  solution  of  common 
salt  to  the  soap  solution  and  then  filtering.  It  was  found  that 
when  equal  quantities  of  2.5  per  cent,  sodium  chloride  solution 
were  added  to  0.5  per  cent,  sodium  palmitate  solution,  that  nearly 
all  of  the  palmitate  was  precipitated  and  the  filtrate  showed  only 
a  small  drop  number.  When  the  same  salt  solution  was  added 
to  0.5  per  cent,  oleate  solution  there  was,  at  first,  no  precipitation 
and  the  drop  number  was  increased.  But  the  oleate  solution  with 
salt,  on  making  successive  tests,  showed  a  rapidly  decreasing* 
drop  number,  making  it  impossible  to  use  this  mixture  as  a  basis 
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for  a  standard  curve.  The  decrease  in  number  of  drops  is  very 
soon  apparent,  the  solution  becomes  cloudy,  and,  in  a  few  days, 
nearly  all  of  the  oleate  appears  to  be  precipitated,  while  the  fil- 
trates, no  matter  what  the  original  strength,  show  a  strong  tend- 
ency to  the  same  minimum  drop  number. 

LaSOBAIOKT  op  OKOAMZC  CHBHUntT, 
UNZVBftSITY  OF  WUCOMSflT, 

June,  1903. 


A   RAPID  METHOD  FOR  THE  DETERMINATION  OF  SUL- 
PHUR IN  COAL  AND  COKE. 

Bt  J.  D.  PBITKOCK  AMD  D.  A.  MORTOir. 
R«c«lTed  October  s*  1903* 

As  IS  well  known,  foundrymen  require  coke  containing  a 
minimum  percentage  of  sulphur.  It  has  been  found  necessary 
to  be  able  to  quickly  determine  the  percentage  of  sulphur  in  tfie 
coal  to  be  used  for  coke-making  in  order  that  a  selection  of  those 
cars  containing  coal  low  in  sulphur,  may  be  made,  for  the  rail- 
road companies  charge  demurrage  on  all  cars  not  emptied  in 
twenty-four  hours.  By  the  method  described  in  this  paper,  one 
chemist  has  been  able  to  make  twenty  determinations  of  sulphur 
in  six  hours. 

The  determination  of  sulphur  in  coals  and  cokes,  as  described 
in  this  paper,  is,  in  its  essential  features,  a  combination  of  parts 
of  two  methods  already  in  use.  These  parts  are,  first,  the  process 
used  by  Sundstrom^  for  the  complete  oxidation  of  \:oals  by  means 
of  sodium  peroxide;  second,  the  method"  of  Andrews*  for  the 
volumetric  estimation  of  the  sulphur  thus  formed. 

In  carrying  out  these  processes,  however,  various  modifications 
have  been  introduced  in  order  to  accomplish,  as  perfectly  as  possi- 
ble, the  end  in  view ;  namely,  the  accurate,  rapid,  and  convenient 
estimation  of  sulphur  in  coals  and  cokes.  This  object  is  satis- 
factorily accomplished  by  following  the  method  as  outlined  below. 

APPARATUS  AND  SOLUTIONS. 

Crucible. — ^A  soft  steel  crucible  of  about  40  cc.  capacity,  the 
lid  being  perforated  with  a  small  hole  for  the  introduction  of  the 
igniting  wire. 

>  This  Jonmftt,  Febmafy,  1903. 

*  Am.  Okern.J,,  tt,slB7;J.  Amai,  OUm.,  4. 73  (i89o)- 
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Crucible  Stand. — ^Any  arrangement  suitable  for  holding  the 
crucible  firmly  in  place  and  out  of  contact  with  the  beaker  during 
the  peroxide  combustion. 

The  following  diagrams  show  the  form  of  crucible  and  stand 
used  in  this  laboratory: 


Cnidble. 

Thickness  of  walls  and  bottom  of  cruci- 
ble, Vas  inch. 

Hole  in  cover,  diameter  at  top.  V4  inch. 

Hole  in  cover,  diameter  at  bottom,  */h 
inch. 

Other  dimensions  as  shown  in  dianam. 
The  crucible  and  lid  are  nickel-plated. 


Stand. 

The  stand  is  made  from  a  sheet  of  alnini« 
num,  a  inches  by  a  inches,  cuttinff  as  indi- 
cated by  the  heavy  lines,  then  bending  up- 
ward at  right  angles  the  four  points 
marked  **A."  and  downward  at  right  an- 

?:les  the  four  points  marked  **  B,"  making 
he  bends  along  the  dotted  lines. 


Barium  Chromatc  Solution. — A  solution  of  23  grams  pure 
barium  chromate  in  a  mixture  of  80  cc.  concentrated  hydrochloric 
acid  and  920  cc.  water.  With  the  use  of  commercial  C.  P. 
barium  chromate,  much  trouble  has  been  experienced  because  of 
its  impurity.  A  suitably  pure  barium  chromate  may  be  prepared 
by  adding  a  dilute  potassium  chromate  solution  to  the  theoretical 
quantity  of  barium  chloride,  also  in  dilute  solution,  and  then 
washing  the  precipitate  thoroughly. 

Sodium  Thiosulphate  Solution  (tenth-normal). — 24.8  grams 
of  the  pure  crystallized  salt  dissolved  in  water  and  the  solution 
diluted  to  i  liter. 

Iodine  Solution  (tenth-normal). — 12.69  grams  iodine  dissolved 
in  a  solution  of  18  grams  potassium  iodide  in  50  cc.  water  and  the 
mixture  diluted  to  i  liter. 

Starch  Sclution. 
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THE  DETERMINATION. 

Introduce  into  the  crucible  16  grams  sodium  peroxide  and  0.7 
gram  coal  (or  ii^^  grams  sodium  peroxide  and  0.7  gram  coke), 
and  mix  thoroughly  by  means  of  a  small  spatula.  Cover,  and 
place  the  crucible  on  its  stand  in  a  20-ounce  beaker  of  water,  in 
such  a  way  that  the  lower  half  only  is  immersed  and  the  base  of 
the  crucible  is  slightly  raised  from  the  bottom  of  the  beaker. 
Ignite  the  contents  by  thrusting  a  red-hot  wire  through  the  hcAt 
in  the  cover  into  the  mixture.  Complete  fusion  and  combustion 
take  place  almost  instantaneously.  After  three  minutes  or  more, 
remove  the  stand  and  tip  the  crucible  over  on  its  ^ide  in  thd 
water.  The  fusion  dissolves  in  a  few  moments  and  the  crucible 
is  then  rinsed  and  removed.  '  Add  hydrochloric  acid  to  the  solu- 
tion until  distinctly  acid,  and  boil.  To  the  boiling  liquid  add 
ammonia  until  a  few  drops  in  excess,  let  boil  vigorously  a 
minute  or  two,  then  add  15  cc.  of  barium  chromate  solution  and 
boil  another  minute.  Add  sufficient  water  to  the  boiling  solution 
to  make  its  volume  200  cc,  then  ammonia  until  several  drops  in 
excess,  and  continue  boiling  vigorously  for  one  or  two  minutes 
longer.  Allow  to  settle  a  few  moments,  filter  and  wash  the  pre^ 
cipitate  twice  thoroughly,  using  from  20  cc.  to  30  cc.  of  hot  water 
for  each  washing. 

Add  about  i  gram  potassium  iodide  crystals  to  the  filtrate,  cool 
to  30**  C,  add  5  cc.  hydrochloric  acid,  then  run  in  the  thiosulphate 
solution  until  the  end-point  is  reached.  The  presence  of  a  few 
cubic  centimeters  of  starch  solution  renders  the  end-point  more 
distinct.  Titrate  back,  if  necessary,  with  the  iodine  solution, 
cc.  N/io  NajSjOg  X  0.153  =  per  cent.  S. 

The  determination  depends,  of  course,  on  the  fact  that  the 
precipitation  of  barium  sulphate  liberates  an  equivalent  amount 
of  chromic  acid,  which  remains  in  solution  as  ammonium  chro- 
mate When  the  excess  of  barium  chromate  is  precipitated  by 
ammonia. 

REMARKS. 

The  directions  f9r  the  peroxide  combustion  should  be  followed 
with  especial  care,  for,  if  less  sodium  peroxide  is  used  than  the 
directions  require,  the  reaction  may  be  explosively  violent;  and, 
on  the  other  hand,  if  too  much  sodium  peroxide  is  used,  the  com- 
bustion will  be  incomplete.     Also,  the  thorough  mixing  of  the 
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fud  with  the  peroxide  must  not  be  neglected  or  an  explosive  and 
incomplete  reaction  will  result. 

After  each  addition  of  ammonia,  the  solution  is  boiled  to  re- 
move most  of  the  excess,  but  it  should  still  remain  slightly  am- 
moniacal.  The  addition  of  the  barium  chromate  does  not  always 
precipitate  the  sulphate  immediately,  but  the  subsequent  boiling 
for  one  or  two  minutes  insures  complete  precipitation.  The  final 
washing  of  the  precipitates,  if  carried  too  far,  will  dissolve  pre- 
cipitated chromate  and  thus  introduce  an  error.  It  has  been 
found  thait  two  washings,  using  a  small  amount  of  hot  water  for 
each,  produces  the  desired  effect  of  thoroughly  removing  Ae 
chromate  in  solution  without  decomposing  the  precipitate. 

RlSSUtTS. 

Up  to  the  present  time  more  than  looo  determinations  by  this 
method  have  been  made  in  this  laboratory.  The  accuracy  of  the 
results  has  been  tested  by  coaq>arisoa  with  the  Sundstrom 
method,  with  the  Eschka  method,  and  by  tests  on  solutions  of 
known  sulphate  content,  A  number  of  the  results  thus  obtained 
are  cited  below.  The  determinations  on  coal  sample  No.  I  were 
made  independently  by  three  analysts,  each  making  two  tests  by 
the  volumetric  and  two  by  the  Eschka  method.  The  four  volu- 
metric determinations  of  coke  sample  No.  I  required  exactly  one 
hour's  time,  showing  the  extreme  rapidity  as  well  as  the  accuracy 
of  the  method. 

Soft  ooal  Mmptct. 


C6ke  Mmplef . 


Per  cent  S, 

volumetric 

method. 


Per  cent.  S, 
BMhka 
method. 


L 

1.95 
2.03 

1-97 
1.98 
3.01 
3.04 
•a.03 
3.06 
3.04 
3.06 
3.04 

3.00 


IL 


III. 


rv. 


n. 


{r.36  (1.16  ri.o6 
1.36  \i.i6  1 1.06 
1.30  1 1.03 


(1-43 
J1.41 


1.30 


I.30 


('.05 
f  1.07 


Percent  S, 
Snnditrom 
method. 


47 

4a 


Solutions,  each  containing  23  grams  sodium  chloride,  a  little 
iron,  and  a  known  quantity  of  sulphate  (hence  practically  of  the 
same  composition  as  the  solution  obtained  by  the  peroxide  fusion 
of  a  coal)  gave  the  following  results: 
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Per  cent  S  pretent 0.46       0.914       1.37       2.29       0.98       1.96 


o. 
Ptr  cent.  S  foaad 0.45       o. 


0.911 

0.90  \      1.35     /  a.33 

0.93  J  13.36 


0.96 

X.02       Z.93 

0.99 

0.99 


CONCLUSION. 

The  restilts  of  all  tests  show  that  the  method  carried  out  in 
accordance  with  the  above  directions,  is  accurate  to  within  a  few 
hundredths  of  a  per  cent.,  and  is  so  rapid  that  an  average  of  two 
or  even  three  complete  deteqninations  per  hour  can  be  accom- 
plished. It  can  be  used  with  especial  advantage  where  large  num- 
bers of  sulphur  determinations  are  required,  since  in  such  a  case 
its  saving  in  time  and  in  tfie  use  of  platinum  becomes  an  important 
item. 

The  method  can  be  successfully  employed  not  only  for  the 
determination  of  sulphur  in  coals,  but  also,  with  suitable  nKxlifica- 
tions>  for  the  determination  of  small  percentages  of  sulphur  in  a 
large  number  of  organic  and  inorganic  substances. 

XfAMMLATCniT  OF  THB  SOLVAT  PROCBSS  CO., 
8T&ACU8B,  N.  T. 


ON  TRIPHENYLMETHYL  ACBTATB. 

BT  M.  GOKBBftO  AND  G.  T.  DAVIS. 

KcoMvwt  Octobw  n.  1909* 

Hemilian,^  the  discoverer  of  triphenylcarbinol,  observed  that 
the  carbinol  reacts  with  acetyl  chloride,  giving  rise  to  hydro- 
chloric acid  and  a  crystalline  mass  which,  on  exposure  to  moist 
air,  loses  acetic  add  and  changes  back  to  the  carbin<d.  With 
acetic  anhydride  suid  with  benzoyl  chloride  he  obtained  unstable 
esters,  which  were  readily  decomposed  by  water  and  by  alcohol. 
Later,  Allen  and  KoUiker*  described  a  method  for  the  preparation 
of  triphenylmethyl  acetate,  which  consisted  in  the  action  of  acetyl 
chloride  upon  triphenylcarbinol  ethyl  ether, 
(QHJ.C  —  O  —  C,H,  +  CH,COCl  = 

(CeH,),C  —  O  —  OCCH,  +  C,H,C1. 
They  claim  to  have  identified  the  escaping  gas  as  ethyl  chloride, 
and  give  the  melting-point  and  the  solubilities,  as  well  as  the 

1  Bsr.  d.  ekem,  G4S.,  7,  lao?  (1874). 

t  Aim,  Cktm,  (I4ebif ),  M7, 116  (iSQs)- 
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analysis,  of  the  acetate.  Recently,  Herzig  and  Wengraf  ,*  in  con- 
nection with  their  studies  on  the  acetyl  derivatives  of  aurin,  rosolic 
acid  and  benzaurin,  repeated  the  experiments  described  by 
Hemilian,  and  by  Allen  and  Kolliker  in  regard  to  the  acetyl  com- 
pound. Herzig  and  Wengraf  find  that  the  acetyl  derivative,  as 
obtained  by  them,  possesses  greater  stability  than  ascribed  to  it 
by  Hemilian.  They  also  claim  that  the  original  method  of 
Hemilian,  the  action  of  acetyl  chloride  directly  upon  the  carbinol, 
is  to  be  preferred  to  the  method  of  Allen  and  Kolliker,  who  em- 
ployed the  triphenylcarbinol  ethyl  ether  instead  of  the  carbinol 
itself.  Hemilian,  as  well  as  Herzig  and  Wengraf,  concluded 
that  the  product  described  by  them  was  the  acetyl  derivative, 
because,  on  treatment  with  water,  the  carbinol  was  regenerated, 
apparently  by  saponification.  With  alcohol,  the  acetyl  compound 
gave  the  triphenylcarbinol  ethyl  ether,  the  reaction  being  the  re- 
verse of  that  which  gave  Allen  and  Kolliker  the  acetyl  derivative, 

(CeH,),C  —  O  —  OCCH,  +  C^H^OH  = 

(C.H,),C  -  O  —  C,H,  +  CH3COOH. 

It  is  on  the  basis  of  the  above-mentioned  researches  that  the 
statements  in  the  literature*  in  regard  to  triphenylmethyl  acetate 
are  made.  In  the  following  pages  it  will  be  shown  that  the  reac- 
tions described  by  the  different  investigators  lead,  not  to  the 
formation  of  the  acetyl  derivative  but  simply  to  that  of  triphenyl- 
chlormethane ;  that  the  acetyl  compound,  prepared  by  us  by  an 
indirect  method,  possesses  properties  different  from  those  assig^ned 
to  it  by  others,  and  that  the  acetyl  compound  could  not  exist 
under  the  conditions  of  the  experiments  which  were  used  for  its 
preparation. 

Action  of  Acetyl  Chloride. — One  of  us  reported*  that  by  treat- 
ing triphenylcarbinol  ethyl  ether  with  acetyl  chloride  pure  tri- 
phenylchlormethane  was  obtained.  The  discrepancy  between 
these  results  and  thc^e  of  Allen  and  Kolliker,  who  claimed  to 
have  obtained,  by  this  reaction,  triphenylmethyl  acetate,  necessi- 
tated a  careful  revision  of  the  experiments. 

>  Monatsh.  Ckem,^  aa,  6ia  (1901). 

•  "  Beilstein,**  11,  X083;  V.  Meyer  u.  P.  Jacobton.  '*  Lehrmich/'  II,  a,  109 ;  *'  Ricbter,** 
3rd  Bd.,  353 ;  Remaen's  "  Organic  Cbemiatry,"  355;  Baeyer  n.  Villiger :  Ber.  d,  ckem.  Gtt^ 
3Sf  3015,  etc. 

•  Thia  Journal*  J4,  618  (190a). 
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(i)  The  ethoxy  compound,  (CeH5)8C  —  OCjHj,  was  made 
by  boiling  triphenylchlormethane  with  absolute  alcohol.  The  ^  | 
product  was  recrystallized  once  from  alcohol  and  twice  from 
petroleum  ether.  The  substance  was  thus  obtained  in  pure  white 
crystals,  melting  sharply  at  83**  C.  To  2  grams  of  this  ethoxy 
compound  was  added  an  amount  of  freshly  distilled  acetyl  chlo- 
ride just  sufficient  for  solution,  and  the  mixture  was  boiled  for 
about  an  hour.  Upon  cooling  slowly,  large  white  cr>'stals,  1.5 
grams,  separated.  After  recrystallization,  the  product  gave  a 
melting-point  of  112**  C,  and  was  identified  by  its  properties  and 
by  analysis  as  pure  triphenylchlormethane. 

(2)  Two  grams  of  the  ethoxy  compound  were  dissolved  in 
cold  acetyl  chloride.  A  small  amount  of  heat  was  generated  by 
the  reaction,  and  cr^'stallization  commenced  at  once.  A  little 
petroleum  ether  was  added  and  the  mixture  cooled  in  ice.  The 
crystals,  1.8  grams,  were  washed  with  petroleum  ether,  recrystal- 
lized and  analyzed.  They  melted  at  iii^'C,  and  consisted  of 
pure  triphenylchlormethane.  An  analysis  gave  12.91  per  cent, 
chlorine ;  calculated,  .12.75  P^r  cent. 

(3)  The  triphenylcarbinol,  instead  of  the  ethoxy  compottnd, 
was  next  tried.  Two  grams  were  dissolved  in  acetyl  chloride. 
The  solution  was  of  a  violet  color  and  changed  to  a  dark  red  as 
the  reaction  progressed.  Some  heat  was  evolved  in  this  reaction 
also.  The  crystals  which  separated  on  cooling,  1.7  grams,  showed, 
on  recrystallization,  a  melting-point  of  lOp**  C,  and  were  found 
to  consist  of  pure  triphenylchlormethane.  The  analysis  gave 
12.67  P^r  cent,  chlorine. 

The  action  of  acetyl  chloride  upon  triphenylcarbinol  and  upon 
its  ethoxy  compound  is,  therefore,  as  follows : 
(CeHJ^C  —  O  —  C,H,  +  CH,CO.Cl  = 

(CeH  J3C  —  CI  +  CH,COOC,H„. 
(CeH,)3C  -  O  —  H  +  CH3CO.CI  = 

(QHJ.C  —  CI  -i-  CIi,COOH. 

Action  of  Acetic  Anhydride, — (i)  One  gram  of  the  pure  cir- 
bincrf  was  boiled  for  an  hour  with  pure  acetic  anhydride.  The 
acid  was  then  distilled  off  under  diminished  pressure  and  the 
residue  recrystallized  from  petroleum  ether.  The  product,  0.9 
gram,  melted  at  i6o°  C,  and  was  found  to  consist  of  unchanged 
carbinol. 
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•^         (2)  Another  sample  of  triphenylcarUnol  was  boiled  with  aceBo 
^^    anhydride  and  anhydrous  sodium  acetate.     The  solution  was 
^^  filtered  hot  and  concentrated,  as  before,  under  diminished  pres- 
sure.   The  resulting  prdduct,  which  melted  at  159*'  C,  was  again 
unchanged  carbind. 

Herzig  and  Wengraf  obtained,  on  boiling  the  reaction  product 
from  acetic  anhydride  and  the  carbinol  with  alcohol,  triphenyl- 
carbinol  ethyl  ether.  But,  as  they  themselves  observe,  this  can- 
not be  taken  as  a  conclusive  proof  that  the  acetyl  compound  was 
the  cause  of  its  formation,  because  the  carbinol  itself  gives,  on 
.boiling  with  alcohol  in  presence  of  a  small  amount  of  acetic  acid, 
the  ethyl  ether  compound.  The  experiments  described  above  show 
that  in  reality  no  acetyl  compound  was  formed.^ 

Triphenylmethyl  Acetate. — ^We  next  prepared  the  acetyl  com- 
pound by  an  indirect  method, — by  the  action  of  silver  acetate  upon 
triphenylchlormethane.  Four  grams  of  triphenylchlormethane 
were  dissolved  in  benzene,  mixed  with  an  excess  of  silver  acetate 
and  boiled,  with  reflux  condenser,  for  two  hours,  moisture  being 
carefully  excluded.  The  solution  was  filtered  hot  and  the  excess 
of  benzene  distilled  off.  The  crystals,  which  separated  out  on 
cooling  with  ice,  were  washed  with  petroleum  ether  and  then 
recrystallized,  twice  from  petroleum  ether  and  twice  from  acetic 
ether.  The  melting-point  of  the  crystals  remained  constant  at 
87*^-88*' C.    Ihe  analysis  gave: 

Calcnlated  for  Foaad. 

(C.H,),CO^CCHfr  L  n. 

Carbon 83.44  82.98       83.37 

Hydrogen 6.01  6.06         5.99 

The  acetyl  group  was  determined  in  the  usual  manner,  by  boil- 
ing the  substance  with  an  alcohcdic  solution  of  potassium  hydrox- 
ide and  titrating  the  excess  of  the  alkali  with  a  standard  solution 
of  acid.  Calculated  for  (CeH5)3CO.OCCH„  acetyl,  15.25  per 
cent. ;  found,  13.19  and  13.07  per  cent. 

We  have  also  prepared  the  acetyl  compound  without  the  em- 
ployment of  heat.  One  sample  of  triphenylchlormethane  was 
suspended  in  absolute  ether,  an  excess  of  silver  acetate  added, 
and  the  whole  shaken  for  three  weeks  at  the  temperature  of  25^  C. 
A  second  sample,  dissolved  in  benzene,  was  treated  in  the  same 
way.    In  both  instances,  almost  quantitative  yields  of  very  pure 

>  ComiMre  Blstrsycki  und  Herbtt :  Ber.  d.  ckem,  Ges,^  ss»  3I3S  (i9n)- 
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triphenylmethyl  acetate  were  obtained.  The  acetyl  compound 
melts,  as  stated,  at  87''-88''  C.  It  is  very  soluble  in  the  usual 
organic  solvents,  and,  like  so  many  other  triphenylmethyl  deriva- 
tives, shows  a  tendecy  to  separate  from  concentrated  solutions 
in  the  form  of  an  oil,  which,  on  scratching,  changes  to  a  ctystalline 
mass.  Acetic  ether  gives  the  best  appearing  crystals.  The  com- 
pound is  readily  decomposed  by  water  and  1^  alcohol. 

Action  of  Acetic  Acid  upon  the  Acetyl  Compound. — It  was 
found  by  one  of  us^  that  trij^enylchlorm^ane  reacts  but  slowly 
with  cold  glacial  acetic  acid,  but  quite  appreciably  when  the  solu- 
tion is  heated.  It  was  also  found*  that  hydrochloric  acid  acts 
upon  triphenylcarbinol  in  acetic  acid  even  when  the  latter  con- 
tains as  much  as  lo  per  cent,  water,  and  gives  triphenylchlor- 
methane.  It  was  suggested  that  while  in  a  90  per  cent,  acetic 
add  s(rfution  the  reaction  is  a  reversible  one  in  regBxd  to  car- 
binol  (I),  in  absence  of  water  it  is  similarly  so  in  regard  to  the 
acetyl  compound  (II). 

(c.H^,c.ci  +  H,o ::  (c.h.),c.oh  +  hci         (d 

(C,H,),C.C1  H-  CH,COOH  Z  (C,H,),CO.COCH,  +  HCI  (II) 
Experiment,  however,  shows  that  this  is  not  the  case  in  (II).  Two 
grams  of  triphenylchlormethane  were  heated  with  a  large  ex- 
cess of  carefully  purified  glacial  acetic  add  on  the  water-bath, 
and  a  constant  stream  of  dry  carbon  dioxide  was  passed  through 
the  solution  for  twenty  hours.  A  careful  examination  of  liie 
residue,  obtained  on  removing  the  acetic  add  under  diminished 
pressure,  showed  that,  in  addition  to  some  triphenyldilcMinethane, 
it  contained  triphenylcarbinol,  but  none  of  the  acetyl  compound. 

Action  of  Acetyl  Chloride  upon  the  Acetyl  Compound. — ^The 
acetyl  diloride  for  this  experiment  was  carefully  fractionated. 
A  stream  of  thoroughly  dried  carbon  dioxide  was  then  passed 
dirougfa  the  diloride  in  order  to  freie  it  completely  from  any  hy- 
drochloric add  gas  which  it  might  have  contained  in  solution. 
One-half  gram  of  pure  triphenylmethyl  acetate  was  gently  warmed 
with  the  acetyl  chloride.  The  excess  of  the  liquid  was  removed  in  a 
stream  of  dry  air,  and  the  crystalline  residue  was  dried  in  a 
vacuum  dessicator  over  soda-lime.  It  melted  at  ioq""  C,  and 
proved  to  be  pure  triphenylchlormethane.  The  analysis  gave 
12.97  P^^  c^i^^-  Chlorine;  calculated,  12.75  P^  c^^- 

1  Btr.  d.  ek4m.  Cn.^  j6.  379  (19^). 
•  /MC.j«.all4(im). 
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As  Hemilian,  Allen  and  Kolliker,  and  Herzig  and  Wengraf 
have  all  used  acetyl  chloride  in  the  preparaticm  of  the  substance 
described  by  them  a^  trii^enylmethyl  acetate,  and  as  the  latter 
is  decomposed  by  that  reagent,  it  follows  that  the  substance  de- 
described  by  them  as  triphenylmethyl  acetate,  and  as  the  latter 
It  was,  we  believe,  triphenylchlormethane.  The  latter  would 
give,  on  treatment  with  water  or  with  alcohol,  the  same 
products  as  the  acetyl  compound:  the  carbinol  or  the  ethoxy 
compound.  In  fact,  this  is  true  of  all  the  salts  of  thiphenylmethyl : 
the  halides,  the  sulphate,  the  picrate,  etc.,  are  readily  hydrolyzed. 

Amr  Arbor,  Mica., 
September,  2903. 


ON  THE  POSSIBLE  EXISTENCE  OF  A  CLA55  OF  BODIES 
ANALOGOUS  TO  TRIPHENYLHETHYL. 

[preliminary  notice.] 

3T  M.  GOMBBRO. 
Rccaved  OctoMf  ts*  1903* 

Tn  the  several  papers  which  I  have  published  on  the  subject 
of  triphenylmethyl,  some  important  features  in  r^^rd  to  the  be- 
havior of  that  substarce  were  brought  out. 

(i)  The  extreme  unsatufation  of  the  compound,  as  evidenced 
by  the  action  of  atmospheric  oxygen  and  of  iodine  upon  it. 

(2)  The  unusual  property  possessed  by  that  unsaturated  hydro- 
carbon of  entering  into  combination  with  different  oxygen  ccwn- 
pounds,  such  as  ethers,  esters,  etc.  It  appeared  probable  that 
these  combinations  represent  compounds  wherein  the  oxygen  acts 
as  being  tetravalent.  It  might  be  added  here  that  triphenylmethyl 
unites  with  equal  readiness  with  nitriles. 

(3)  Triphenylmethyl  may  be  considered  as  a  distinctly  basic 
radical.  This  furnishes  an  explanation  why  triphenylchlor- 
methane, also  the  bromide  and  the  iodide,  are  salts,  as  judged 
by  their  purely  chemical  behavior,  as  well  as  by  the  physico- 
chemical  tests ;  these  halides,  dissolved  in  liquid  sulphur  dioxide, 
are  true  electrolytes.^  The  same  is  true  of  the  sulphate,  as  was 
found  by  Mr.  L.  H.  Cone*  in  this  laboratory.    Even  triphenyl- 

1  Gomberg :  Bet:  d.  chem.  Ges.^  35,  3403  (1902);  Walden  :  Ibid.^  39,  30x8  (1903). 
*  Mr.  I«.  H.  Cone,  holder  of  a  research  assistantship  to  the  Carnegie  Institution,  will 
publish  his  results  in  full  later. 
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methyl  itself  possesses,  in  that  solvent,  a  decided  electrical  con- 
ductivity, as  has  been  recently  shown  by  Walden.^ 

(4)  Under  the  influence  of  catalyzing  agents,  such  as  dilute 
hydrochloric  acid  in  benzene,  ether,  or  some  other  solvent,  tri- 
phenylmethyl  is  readily  condensed  to  hexaphenylethane.* 

It  could  hardly  be  expected  that,  whatever  the  constitution  of 
triphenylmethyl,  there  should,  not  be  some  other  similar  com- 
pounds capable  of  existence.  The  reaction  which  served  for  the 
preparation  of  triphenylmethyl  was  accordingly  further  studied, 
and  an  attempt  has  been  made  to  apply  it  to  compounds  analogous 
to  triphenylchlormethane.  The  following  substances  were  sub- 
jected to  this  test : 

Para-ditolylphenylchlormethane,  ( CHj.CeH, )  ^  ( CgH^ )  C.Cl. 

Tritolylchlormethane,  (CHsCeHJsC.Cl. 

Paratrinitrotriphenylchlormethane,   (N02.CeH4)3C.Cl. 

Paratrimethoxytriphenylchlormethane,   (CH30.CeH4)^C.Cl. 

In  every,  case  the  initial  stage  of  the  reaction  has  been  found 
to  be  the  same  as  when  triphenylchlormethane  itself  had  been 
employed.  A  solution  of  the  latter  in  benzene  or  in  ether,  when 
treated  with  zinc,  silver,  or  mercury,  assumes  instantly  a  yellow 
color,  which,  as  has  been  conclusively  shown,  is  due  to  the  forma- 
tion of  triphenylmethyl.  Now,  when  any  one  of  the  four  above- 
mentioned  derivatives  of  triphenylchlormethane  is  treated  in  the 
same  manner,  the  reaction  is  strikingly  similar  to  the  one  with 
triphenylchlormethane  itself.  The  introduction  of  the  metal  into 
a  solution  of  those  substances  is  followed  in  every  case  by  the 
instantaneous  formation  of  a  substance  which*  imparts  color  to 
the  solution..  Moreover,  just  as  the  exposure  to  air  in  the  case 
of  triphenylmethyl  brings  about  rapid  oxidation  of  the  hydro- 
carbon and  the  consequent  decolorization  of  the  yellow  solution, 
so  also  in  the  case  of  the  other  four  instances ;  exposure  of  the 
solutions  to  air  destroys  their  color  at  once — due,  no  doubt,  also 
to  oxidation. 

But  while  in  the  case  of  triphenylmethyl  the  oxidation  is  com- 
paratively simple,  and  the  resulting  product,  the  peroxide,  can  be 
readily  isolated,  the  oxidation  by  the  atmospheric  oxygen  in  the 
other  instances  is  more  complex.  So  far,  Lhave  succeeded  in  isola- 
ting the  oxidation  product  pure  enough  for  analysis  only  in  one 

»  Zischr.  phys.  Chem.,  43,  443  (i903>. 

«  Berd.  them,  Ges.,  35,  3914  (1902) :  36,  376  ( 1903). 
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Other  instance,  namel>,  in  the  case  of  the  unsaturated  hydrocarbon 
from  tritolylchlormethane.  Indeed,  although  there  can  be  but  little 
doubt  that  the  action  of  metals  upon  the  different  triphenylchlor- 
methane  derivatives  is  probably  the  same  in  all  instances,  yet,  in 
my  experience,  each  case  requires,  for  the  successful  course  of 
the  reaction,  different  experimental  conditions.  The  nature  of 
the  metal,  as  well  as  the  nature  of  the  solvent,  is  of  considerable 
influence  upon  the  progress  of  the  reacticHi.  The  subject  becomes 
more  difficult  still  because  some  of  the  chlor-compounds,  as,  for 
instance,  the  trinitrotriphenylchlormethane,  are  only  slightly  solu- 
ble in  the  usual  organic  solvents,  which  necessitates  the  use  of 
large  volumes  of  liquids. 

The  halides  of  triphenylchlormethane — the  chloride,  bromide, 
amd  iodide — ^are  colorless  in  the  solid  state  and  also  when  dis- 
solved in  solvents  which  possess  no  ionizing  power.  But  when 
dissolvedrin  liquid  sulphur  dioxide,  which  does  possess  this  power 
to  a  large  extent,  these  halides  dissociate  into  ions,  (CeH,),C* 
and  Cr,  as  was  proved  by  the  electrical  conductivity  of  the  solu- 
tions. Moreover,  such  dissociation  is  invariably  accompanied  by 
the  formation  of  a  yellow  color  in  the  solvent.  It  w^as  suggested* 
that  the  color  was  due  to  the  ion  (C«Ha)jC'.  Since  the  free 
hydrocarbon,  triphenylmethyl  itself,  while  colorless  in  the  solid 
state,  on  dissolving  gives  yellow  solutions,  it  was  inferred  that 
the  hydrocarbon  exists  in  solution  as  ions  (CeH,),*  and 
(C«H5)jC  The  fact  that  triphenylmethyl,  dissolved  in  liquid 
sulphur  dioxide,  shows  very  considerable  electrical  conductivity, 
argues,  it  seems  to  me,  in  favor  of  this  view.  There  re- 
mains yet  to  account  for  the  relation  which  exists  between 
the  two  states  of  triphenylmethyl,  the  colorless  solid  and 
the  yellow  when  in  solution.  If,  however,  it  be  true  that  the  color 
of  the  scdution  of  triphenylmethyl  is  really  due  to  the  latter  ex- 
isting in  solution  in  the  ionic  state,  then  it  must  follow  that  a 
variation  in  complexity  of  the  radical  should  also  cause  a 
variation  in  the  color  of  the  radical  when  the  latter  is  in  solution 
and  hence  in  the  ionic  state.  This  is  actually  the  case.  Solutions 
of  triphenylchlormethane  acquire,  tm  the  addition  of  metals,  a 
distinctly  yellow  color.  The  ditolylphenyl-  and  especially  the 
tritolylchlormethane,  when  subjected  to  the  similar  treatment,  give 
orange  solutions  with  quite  a  perceptible  tinge  of  red.    Trinitro- 

1  GaMberg :  B^r,  d,  ekem.  Gts,^  jf ,  2406  (190a). 
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triphenylchlonnethane,  even  in  minute  quantities,  gives,  on  the 
addition  of  metals  (silver),  a  beautiful  greenish-blue  solution 
which  changes,  on  warming,  first  to  a  violet-red  and  finally  to  a 
genuine  fudisine-red.  On  cooling,  the  blue  color  is  restored ;  on 
exposure  to  air  the  solution  is  at  once  decolorized. 

I  shall  continue  the  study  of  this  reaction  and  shall  extend  it 
to  other  derivatives  of  triphenylhalogenmethane. 

Amr  Akbox,  Mich., 
September,  1903. 
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AN  EFFICIENT  ASBESTOS  OR  GRAPHITE  ilUFFLB. 

Bt  J.  M.  Pickbl  akd  C.  B.  Williams.    ■ 

Received  October  15.  1909. 

At  that  point  in  the  determination  of  potash  in  fertilizers, 
where  ammonium  salts  and  the  excess  of  sulphuric  add  are 
driven  off,  it  was  formerly  the  practice  in  this  laboratory  to  ac- 
c(»nplish  the  volatilization  by  placing  the  platinum  dish  on  the 
top  of  the  glass  chimney  of  an  Argand  gas-burner,  such  as  is 
commonly  used  for  illuminating  purposes.  To  afford  air-vent 
and  gas  escape,  the  dish  rested  on  small  wires  (of  iron)  bent  over 
the  edge  of  the  chimney.  A  battery  of  ten  or  twelve  of  these 
burners  was  aligned  on  the  same  gas-pipe. 

After  excess  of  acid  was  evaporated  and  the  ammonium  salts 
more  or  less  volatilized,  the  dishes  were  removed  from  the  Argand 
burners  to  the  blast-lamp,  and  there,  at  a  red  heat,  the  volatiliza- 
ticHi  completed  and  the  organic  matter  destroyed.  In  hope  of 
obviating  the  necessity  of  transferring  the  dishes  to  the  blast, 
one  of  us  (Pickel)  introduced,  during  the  winter  of  1900,  the 
following  modification : 

The  chimneys  were  cut  down  to.  a  length  of  about  4  cm.,  and 
the  dishes  brought  into  close  proximity  with  the  flame.  The 
dishes  were,  moreover,  enclosed  in  asbestos  cups,  in  the  bottom 
of  which  were  cut  round  holes  of  such  diameter  as  to  fit  snugly 
over  the  chimneys  which  were  thus  made  to  support  the  cups. 
An  asbestos  lid,  having  a  vent  hole  of  about  2  cm.  diameter,  covers 
each  cup.    Each  platinum  dish  rested  on  a  pipe-stem  triangle,  or 


1278  J.  M.  PICKBL  AND  C.  B.  WILLIAMS. 

Other  suitable  support  placed  on  the  bottom  of  the  cup.  It  was 
found  that  the  dish,  thus  muffled,  could,  after  excess  of  acid  had 
been  driven  off  by  a  low  flame,  be  easily  brought  to  a  red  heat  by 
merely  turning  up  the  flame:  all  ammonium  salts  could  be  vol- 
atilized completely,  and  organic  matter  destroyed,  thereby  ob- 
viating the  use  of  a  blast-lamp,  except  in  rare  cases.  As  the  in- 
tense heat  generated  in  the  muffle  softened,  and,  after  a  few 
days,  distorted  the  glass  support,  it  was,  therefore,  dispensed 
with,  and  a  small  asbestos  cylinder,  having  in  its  side  a  narrow 
slot,  or  small,  round  hole  through  which  to  see  and  regulate  the 
flame,  substituted. 

The  material  used  in  making  this  little  muffle  was  asbestos 
board  of  about  0.6  cm.  thickness.  After  cutting  the  board  to 
proper  shape  and  size,  it  was  saturated  with  water,  and,  while 
wet,  formed  into  a  cylinder  by  rolling  it  around  a  tin  can,  or 
bottle,  or  other  suitable  core,  and  left  till  dry.  The  bottom  was 
then  fitted  in  and  the  whole  held  securely  together  by  wires 
bound  around  near  the  top  and  bottom. 

A  battery  of  twelve  of  these  little  muffles  was  used  through- 
out the  greater  part  (two  or  three  months)  of  a  fertilizer  season, 
and  500  or  600  potash  determinations  made  with  them.  All 
incinerations  of  cottcn-seed  meal,  cotton-seed  hulls  and  tobacco 
stems  were  made  in  them,  the  usual  larger  and  cumbersome  muffles 
for  that  purpose  being  entirely  dispensed  with.  Slightly  changed 
in  form,  the  muffles  are,  of  course,  equally  suitable  for  use  with 
a  Bunsen  burner.  They  were  thus  found  efficient  for  roasting 
small  assays  of  sulphurous  gold  ores,  the  finely  powdered  ore  being 
contained  in  an  ordinary  evaporating  dish. 

Although  the  idea  of  these  muffles — a  separate  muffle  for  each 
dish  or  crucible — ^grew  out  of  the  desire  to  facilitate  the  work 
of  volatilization  and  incineration,  it  is  not  new.  (The  Erdmann 
furnace,  which  is  figured  and  described  in  the  chemical  catalogues 
as  a  clay  cylinder  on  a  tripod  over  a  Bunsen  burner,  involves  the 
same  idea.) 

The  efficiency  and  convenience  of  these  little  muffles  for  in- 
cinerations, ash  determinations,  roastings  and  volatilizations,  and 
the  ease  with  which  any  one  can  make  them  for  himself,  should 
create  for  them  a  place  in  the  laboratory.  But  for  daily  use, 
year  in  and  year  out,  they  are  not  sufficiently  durable  when  made 
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of  asbestos,  as  above  described.  One  of  us  (Williams)  sought  to 
remedy  this  defect,  first,  by  constructing  the  muffles  of  metal 
(copper)  ^nd  covering  them  inside  and  out  with  asbestos.  But 
these,  although  in  other  respects  satisfactory,  were  lacking  in 
durability;  the  metal  oxidized  rapidly,  and  the  asbestos  needed 
renewal  every  few  months.  The  material  finally  adopted  (by  him) 
was  graphite,  with  a  jacket  of  asbestos  on  the  outside.  This  has 
proved  altogether  satisfactory.  A  battery  of  twelve  of  these 
graphite  muffles,  aligned  on  the  same  gas-supply  pipe,  and  each 
heated  by  an  Argund  gas-burner,  has  now  been  in  daily  use 
for  about  two  years  in  our  laboratory,  and  has  entirely  super- 
seded the  usual  form  of  muffle,  for  incinerations,  ash  determina- 
tions arid  the  like.  A  point  of  special  coi;ivenience  with  this 
piece  of  aoparatus  Is  that  one  or  more,  up  to  a  dozen  determina- 
tions may  be  made  at  one  time,  and  that  each  is  under  separrite 
control  and  regulation.  The  lids  in  use  consist  of  an  asbestos 
board,  a  plate  of  aluminum  and  a  sheet  of  platinum  riveted  to- 
gether; the  asbestos  forms  the  top  of  the  lid  and  the  platinum 


the  bottom,  its  object  being  cleanliness.  ^  But  less-costly  graphite 
covers  answer  quite  as  well.  In  the  center  of  each  lid  is  a  vent- 
hole  of  about  3  cm.  diameter.  The  muffles  may  be  of  any  size. 
Ours  have  the  following  dimensions:    The  main  body  or  re- 
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ceptacle,  diameter  (internal)  and  depth  (internal),  each  9.5  cm.; 
thickness  of  wall,  i  cm. ;  the  small  cylinder  support,  length,  3.5 
cm.;  diameter  (adjusted  to  the  size  of  burner  in  which  it  is  to 
rest),  in  our  case,  5.2  cm.  outside,  and  3.5  cm.  inside. 

These  muffles  may;  of  course,  be  used  with  any  common  Bunsen 
burner  by  placing  them  on  a  tripod. 
The  accompanying  cut  shows  the  parts  of  the  battery  of  muffles : 
I  is  the  gas-supply  pipe,  2.5  cm.  in  diameter;  4  is  a  smaller  pipe, 
provided  with  an  air-hole  and  gas-cock,  which  feeds  the  Ai^nd 
burner  above ;  2  shows  the  muffle  in  position  and  without  asbestos 
covering;  at  3  is  a  small  hole  through  which  the  gas  is  lighted,  and 
through  which  the  flame  may  be  seen  and  regulated ;  5  gives  an  in- 
side view  of  the  muffle ;  6  shows  the  under  part  of  a  muffle ;  7  shows 
the  top  side  of  a  graphite  lid,  the  central  vent-hole  of  which  is 
hidden  by  its  handle;  and  8  and  9  are  top  and  bottom  views  of 
the  asbestos-aluminum-platinum  lids. 
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RBCBNT  WORK  IN  INORGANIC  CHEMISTRY. 
BT  jA8.  IfSwis  Howb; 

Pew  notable  papers  have  appeared  during  the  past  year  on 
theoretical  inorganic  chemistry.  Perhaps  the  most  important  is 
one  by  Abegg^  on  a  new  theory  of  valence.  The  author  assumes 
the  existence  of  two  kinds  of  valence,  with  opposite  polarity,  in 
each  atom.  These  he  calls  normal  valence  and  contra-valence. 
The  sum  of  the  valences  of  an  atom  is  eight.  Thus  chlorine  has 
a  n^;ative  normal  valence  of  one  and  a  positive  contra-valence 
of  seven.  N^;ative  contra-valences  are  much  weaker  than  posi- 
tive, since  positive  electrons  are  much  more  firmly  attached  to 
matter  than  the  negative.  The  inert  gases  have  a  normal  valence 
of  zero  and  an  (unexercised)  contra-valence  of  eight.  In  his  paper, 
Abegg  applies  these  conceptions  to  the  so-called  molecular  com- 
pounds. 

In  two  papers,*  Werner  has  developed  his  theory  of  primary 
and  secondary  valences  with  reference  to  the  constitution  of  the 
ammonium  and  the  oxonium  compounds.  Locke'  has  again 
attacked  the  theory  of  electro-affinity  of  Abegg  and  Bodlander, 
and  holds  that  while  the  electro-affinity  of  the  elements  bears  a 
close  and  interesting  relation  to  the  properties  of  many  salts,  it 
does  not  furnish  a  rational  principle  for  chemical  classification. 

Erdmann  claims*  that  the  distinction  enunciated  by  him  in 

1  l^td.  Skrifi.  I,  1909,  No.  13. 
*Ann,  Cktm.  (MeMg),  3aa,  961,  396. 
•'^m.  Cktm.J.,  aS,  403. 
^Ztsckr.  anovr.  Ckem.,  sa,  404. 
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1892,  between  metals  and  non-metals,  zns.,  that  metals  are  those 
elements  whose  mdecules  consist  of  single  atoms,  while  non- 
metals  are  those  whose  molecules  contain  several  atoms,  has  been 
confirmed  by  all  the  more  recent  work  along  this  line.  On  the 
other  hand,  Martin,^  reasoning  from  the  fact  that  in  the  same 
group  the  metallic  characteristics  of  an  element  increase  with 
Sie  atomic  weight  and  that  among  the  non-metals  the  metallic 
character  increases  with  the  temperature,  draws  the  conclusion 
that  the  metallic  and  non-metallic  conditions  are  merely  phases 
which  each  element  can  assume.  At  higher  temperatures  non- 
metals  become  metallic,  their  electrical  conductivity  increasing 
rapidly ;  in  the  vicinity  of  absolute  zero,  metals  become  non-con- 
ducting metallcnds. 

In  Ae  consideration  of  the  periodic  table,  Brauner*  suggests' 
that  the  difficulty  of  accounting  for  the  place  of  the  rare  earths 
will  be  minimized  if  we  put  them  as  a  group  in  the  place  usually 
assigned  to  cerium.  Thus,  in  this  place  we  shall  have  Ce,  etc^ 
140-178,  followed  immediately  in  the  next  space  by  Ta  184.  In 
this  way  the  vacant  ninth  period  of  Mendeleeff 's  table  disappears. 
Brauner  b^ns  his  table  with  Group  o,  which  is  made  up  of  the 
inert  gases. 

The  study  of  double  salts  continues  to  atti-act  increasing  Men- 
tion, though  no  satisfactory  theory  of  their  constitution  has  yet 
appeared.  An  .important  contribution  to  the  chemistry  of  the 
double  halides  is  the  Habilitationsschrift  of  P.  Pfeiffer.*  Follow- 
ing up  the  systematic  treatment  of  the  double  chlorides  by  Werner, 
he  takes  up  the  bromides  and  iodides  from  the  same  standpoint, 
and  after  a  theoretical  discussion  of  these  salts,  he  gives  a  syste- 
matic survey  of  the  whole  field,  with  references  to  3ie  literature. 
In  connection  with  his  study  of  vanadium  salts,  in  which  many 
new  double  halide  compounds  have  beto  prepared,  Ephraim*  dis- 
cusses these  salts  from  a  theoretical  standpoint,  holding  that  their 
constitution  is  largely  dependent  upon  the  atomic  volume  of  the 
constituent  elements.  In  particular,  he  formulates  the  law  that 
the  number  of  halc^en  alkali  molecules  which  can  unite  to  the 
halide  of  the  heavy  metal  acting  as  a  central  nucleus,  decreases 
with  the  increasing  atomic  wei^t  of  the  positive  metal.  Gross- 
mann*  denies  that  the  facts  accord  with  this  law.  In  a  number 
of  cases,  such  as  PhBr^^CsBr,  the  highest  value  is  reached  with 
the  cesium  salt  Rubidium  and  ammonium  salts  often  show  a 
strong  analogy  which  may  be  conditioned  by  the  fact  that  they 
possess  a  similar  atomic  volume.  Nor  do  the  double  cyanides, 
which  are,  according  to  Werner,  of  the  same  character  as  the 
halides,  follow  Ephraim's  law.    Grossmann's  conclusion  is  that 

1  OUm.  Nems,  86,  *»> 

*  Ztschr.  anorg,  Chem.^  33,  x. 

*  PartUlly  repnblished  in  Ztschr.  anorg.  Chem.^  31,  191. 
4  Ber.  d,  ckem-  Get-*  a6,  iij?* 

*  /^'<f..  j6. 1600. 
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no  comprehensive  rule  can  be,  at  present,  laid  down  regarding 
the  composition  of  double  salts.  The  discu$sion  is  being  con- 
tinued by  Ephraim,^  who  has  also  prepared  a  series  of  new  anti- 
mony double  salts,  and  by  Grossmann,^  while  Pfeiff er*  and  Jordis* 
both  fail  to  find  an  experimental  foundation  for  Ephraim's  law^ 
The  probability  is  that  there  is  a  considerable  sub-stratum  of 
truth  in  the  so-called  law,  but  that  it  represents  only  a  part  of 
the  truth.  At  all  events,  it  is  encouraging  to  find  an  increasing 
number  of  keen  minds  attacking  this  important  problem  of  the 
double  salts.  Mention  should  be  made,  in  this  connection,  of 
the  interesting  class  of  triple  thiocyanates  under  investigation 
by  Wells,*  and  the  double  periodates  and  manganese  studied  in 
the  same  laboratory  by  Price.* 

In  an  address  before  the  Fifth  International  Congress  of  Ap- 
plied Chemistry  at  Berlin,  Moissan  gave  a  review  of  his  work 
on  the  metallic  hydrides.  The  alkali  and  alkali-earth  hydrides 
are  definite  crystalline  compounds  and  have  nothing  of  the  nature 
of  hydrogen  alloys.  They  are  strong  reducing  agents,  decom- 
posing water  with  the  evolution  of  hydrogen,  forming  formates 
with  carbon  dioxide  and  bydrosulphites  with  sulphur  dioxide. 
With  acetylene  they  form  double  compounds,  of  which  K,C„H5Cj 
is  a  type;  on  heating  the  latter,  acetylene  is  evolved  and  the 
metallic  carbide  left. 

A  new  preparation  of  nitrides  has  been  discovered  by  Guntz.^ 
When  lithium  nitride  acts  upon  metallic  chlorides,  much  heat 
is  evolved  and  the  corresponding  nitride  formed.  This  appears 
to  be  a  method  of  general  application.  Lithium  hydride  seems  to 
give  a  similar  reaction,  but  it  is  so  violent  that  it  has  not  yet  been 
possible  to  isolate  the  hydride,  which  is  formed. 

Moissan  continues  to  enlarge  our  knowledge  of  the  silicides. 
While  it  has  been  found  very  difficult  to  prepare  the  potassium 
and  sodium  silicides  corresponding  to  silicon-ethane,  Si^He,  the 
lithium  compound,  Li^Si,,  is»  prepared  by  direct  union -of  the 
elements  in  a  vacuum.  It  is  naturally  a  very  active  substance, 
decomposing  water  and  acids  generally  with  evolution  of  hydro- 
gen, but  when  very  concentrated  hydrochloric  acid  is  used  the 
silicon-ethane  is  obtained,  which  is  collected  as  a  liquid  by  the 
use  of  liquid  air.*  Moissan  has  also  prepared  two  isilicides  of 
vanadium,  VjSi  and  VSij.  Lebeau  has  studied  the  silicides  of 
cobalt,  manganese  and  chromium.  In  the  case  of  the  last  two 
metals,  he  has  investigated,  from  a  physical  standpoint  the  equi- 

I  Ber.  d,  ckgm.Ges..  36,  1815.  191a. 

*  Ibid.,  36,  2.499. 

*  Ibid ,  36,  2519. 

*  Ibid.,  36,  2539. 

»  Am.  Chem,J..  38,  245 ;  29,  474  :  30,  184. 

*  Ibid.,  30,  182. 

7  Compl.  Rend.,  135,  738. 

*  Ibid.,  134, 1083.  1549  ;  138,  1284. 
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libritun  which  exists  between  cp^>er,  silicon  and  manganese,  and 
copper,  silicon  and  chromium.  This  has  enabled  him  to  prepare 
several  new  silicides.^ 

Muthmann  and  Kraft*  have  prepared  the  hydrides  and  nitrides 
of  cerium  and  lanthanum  by  burning  the  metals  in  hydrogen  or 
nitrogen.  In  hydrogen,  cerium  ignites  at  250°,  while  in  pure 
oxygen  its  kindling  temperature  is  little  above  150**.  In  nitrogen, 
cerium  does  not  ignite  until  850**  is  reached.  The  kindling  tem- 
perature of  lanthanum  is,  in  each  case,  somewhat  higher  than  that 
of  cerium.  The  hydrides  and  nitrides  of  these  metals  are  stable  in 
dry  air,  but  are  quickly  decomposed  by  water  or  in  the  presence  of 
moisture* 

Several  articles  have  appeared  from  the  laboratory  at  Odessa,  ■ 
continuing  the  work  of  Pissarjewski  on  the  compounds  'of  in- 
organic salts  and  acids  with  hydrogen  peroxide.  The  carbonates, 
arsenates,  tungstates,  uranates,  vanadates,  and  the  rare  earths 
are  included  in  this  list.  There  is  a  very  decided  question  as  to 
whether  many  of  these  compounds  are  to  be  considered  as  true 
peroxides,  or  whether  some  of  them,  whidi  have  been  designated 
as  pseudo-peroxides,  should  not  rather  be  considered  as  com- 
pounds in  which  the  hydrogen  peroxide  is  present  in  the  form  of 
a  so-called  peroxide  of  crystallization.  This  is  discussed  by 
Tanatar  in  a  recent  paper,*  and  by  Willstatter.*  A  new  class  of 
peruranates  has  also  been  described  by  Alloy,"  having  the  formula 
MjUO^.  In  a  lecture  at  the  meeting  of  the  Verein  of  the  German 
chemists  at  Dusseldorff,  Staedd  illustrated  the  preparation  of  pure 
hydrogen  peroxide.  A  95  per  cent,  solution  was  solidified  by 
the  ether-carbon  dioxide  mixture.  When,  to  a  new  portion  of 
the  95  per  cent,  solution,  at  a  temperature  of  — 10°,  a  little  of  the 
solid  is  added,  crystals  of  pure  hydrogen  peroxide  begin  to  form. 
On  recry^tallization,  these  consist  of  100  per  cent,  hydrogen  per- 
oxide, and  this  is  suggested  as  the  safest  method  of  preparing 
the  anhydrous  compound.  The  crystals  are  fairly  stable,  but  are 
exploded  at  once  by  contact  with  platinum  black  or  pyrolusite. 
With  the  monohydrate  of  sulphuric  acid,  ozone  is  at  once  formed. 
Some  interesting  notes  on  ozone  are  contributed  to  the  Berichte 
(35f  2902)  by  Amola  and  Mentzel.  Tetra,methyl-^-p'-diamino- 
diphenylmethane  (tetra-base  for  short)  is  proposed  as  the  best 
reagent  for  gaseous  ozone,  to  differentiate  it  in  the  presence  of 
other  gases  which  have  action  upon  starch-iodide  paper.  Ursol  D, 
which  had  been  suggested  by  Chlopin  for  a  similar  purpose,  is 
shown  to  be  useless,  as  its  supposed  characteristic  reaction  is 
caused  by  the  impurities  present  and  not  by  ozone. 

*  Compi.  Remd^  136,  a3X*  i3^* 

*  Ann.  Chem.  (Uehig),  335,  961. 

*  Bet.  d.  chem.  Ga.,  36, 1893. 
4  /bid.,  361  1828. 

*  Bull,  Soc.  Chim.  (3).  J9,  29a. 
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Dudley^  has  studied  the  action  of  sodium  peroxide  on  several 
more  metals.  With  nickel,  Ni804,2HjO  is  formed,  which  loses 
water  at  240**.  It  is  unlike  Daubigny's  N13O4  in  its  properties. 
Iron  gives  Fes04,H,0  in  tabular,  magnetic  crystals.  Gold  is 
rapidly  attacked,  but  the  oxide  formed  is  immediately  decom- 
posed, giving  spongy  gold.  Silver  is  also  rapidly  acted  upon  with 
the  formation  of  gray  crystals,  which  seem  to  be  a  lower  oxide. 
Spongy  platinum  bums  with  the  peroxide  like  tinder,  giving 
after  washing,  Pt20g,2H20.  On  heating,  the  sesquioxide  is  left, 
which  is  a  new  oxide  of  platinum. 

Moissan  has  continued  his  studies  on  fluorine,  examining,  in 
conjunction  with  Dewar,  the  action  of  the  element  at  low  tem- 
peratures.' The  melting-point  of  solid  fluorine  was  found  to 
be  —  223  **.  The  solid  fluorine  reacted  with  liquid  hydrogen  at 
—  252.5**  (20.5°  absolute)  with  explosive  violence.  At — 187®, 
the  reactions  of  various  compounds  and  elements  with  liquid 
fluorine  are  hardly  less  violent  than  at  higher  temperatures,  its 
affinity  being  little  in  abeyance  even  at  this  low  temperature. 
Iodine  pentafluoride  has  been  prepared  by  Moissan'  and  proves 
to  be  so  stable  that  it  can  be  distilled  in  hydrogen  without  de- 
composition. 

Starting  from  the  fact  that  chlorine  is  liberated  from  hydro- 
chloric acid  by  Caro's  reagent,  Wedekind*  has  attempted  the  use 
of  the  analogous  reaction  for  the  preparation  of  fluorine.  Caro's 
reagent,  however,  had  no  action  upon  hydrofluoric  acid,  neither 
fluorine  being  evolved  directly,  nor  any  trace  of  ozone,  which 
might  indicate  that  It  had  been  temporarily  formed. 

By  using  a  modification  of  the  Goldschmidt  process,  the  mag- 
nesium, aluminum,  and  oxides  being  taken  in  such  proportions  as 
to  give  the  composition  of  the  natural  matrix  of  the  diamond,  von 
Hasslinger'  has  succeeded  in  converting  finely  divided  graphite 
into  clear,  octahedral  diamonds  of  0.5  mm.  diameter.  The  inter- 
esting point  about  this  synthesis  is  that  the  diamonds  are  formed 
by  slow  cooling  in  the  absence  of  any  considerable  pressure. 

A  new  variety  of  phosphorus  has  been  prepared  by  Schenck,* 
by  heating  white  phosphorus  to  boiling  in  PBr,  for  ten  hours. 
It  is  light  red,  resembling,  in  appearance,  the  ordinary  red  modifi- 
cation, and,  like  it,  being  physiologically  inert,  but,  on  the  other 
hand,  it  is  very  active  chenpcally,  often  more  so  than  white  phos- 
phorus. 

For  the  preparation  of  phosphine,  Bodroux^  uses  a  crude 
aluminum  or  magnesium  phosphide,  made  by  igniting  a  mixture 

1  ^M.  Chem.J.,  aS,  59. 

>  Compt.  Rend,^  136*  64X,  785. 

'  !hid.^  135,  563. 

«  Ber.  d.  cfiem.  Ges.^  33,  3367. 

ft  Afonatsk.  Ckem.,  33,  817. 

*  Bet.  d.  chem.  Ges.,  30,  9-9. 

1  Bull.  Soc.  Chim.  (3),  J7.  568. 
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of  2  parts  altmiimun  (or  magnesium)  and  i  part  red  phosphorus. 
The  resulting  mass  gives  off  pure  phosphine  slowly  on  treatment 
with  cold  water,  and  more  rapidly  when  the  water  is  warm. 
Above  50^  the  phosphine  is  contaminated  with  hydrogen,  as  is 
the  case  when  acids  are  used. 

Stock  and  Hoffmann/  by  the  action  of  ammonia  on  phosphorus 
pentasulphide,  have  prepared  a  series  of  amino-  and  imino-thio- 
phosphoric  acids,  and  by  the  successive  elimination  of  ammonia 
and  hydrogen  sulphide  obtain  at  last  phosphorus  nitride,  PjN^. 
This  interesting  compound  proves  to  be  a  white,  insoluble,  odor- 
less and  tasteless  body,  stable  up  to  a  low  red  heat.  Although 
outside  of  the  strict  range  of  inorganic  chemistry,  it  should  be 
noted  here  that  Michaelis  and  his  pupils  have  developed  much 
further  the  organic  compounds  containing  both  phosphorus  and 
nitrogen,  forming  several  hundred  compounds.* 

The  metaphosphates  have  been  subjected  to  a  somewhat  ex- 
tended investigation  by  Warschauer,*  who  finds  that  Fleitmann's 
dimetaphosphate  is  in  reality  a  tetrametaphosp^^ate.  This  result 
is  confirmed  both  by  the  Ostwald-Walden  valence  law,  and  by 
the  transference  number  of  the  sodium  salt.  When  lead  oxide 
is  heated  with  phosphoric  acid,  if  the  temperature  is  kept  below 
400**,  the  tetrametaphosphate  is  formed,  while  above  that  tem- 
perature a  different  modification,  Fleitmann's  'tetrametaphos- 
phate,' appears,  which  is,  in  all  probability,  the  hexametaphos- 
I^iate.  He  also  finds  that  the  solutions  of  the  hexametaphosphate 
decompose  directly  into  the  orthophosphate,  but  a  small  amount 
of  the  pyrophosphate  is  formed  at  the  same  time. 

Erdmann  and  Unruh*  have  made  a  study  of  the  yellow  modifi- 
cation of  arsenic,  first  described  by  Linck  in  1899.  It  is  prepared 
by  the  rapid  cooling  of  arsenic  vapor,  and  must  be  immediately 
dissolved  in  carbon  bisulphide  or  benzene  to  prevent  its  almost 
instant  conversion  into  the  ordinary  metallic  arsenic.  Erdmann 
prepared  a  large  quantity  by  collecting  the  vapor  directly  in  car- 
bon bisulphide.  It  may  be  obtained  in  solid  form  by  cooling  a 
saturated  solution  to  —  70°,  but  is  exceedingly  unstable.  By  tfie 
gradual  action  of  light  on  the  solution,  a  new  red-brown  modifi- 
cation of  arsenic  is  obtained.  The  molecular  weight  of  the  yellow 
modification  corresponds  to  the  molecule  As^.  From  the  fact 
that  vitreous  arsenious  oxide  is  formed  by  rapid  cooling,  Erd- 
mann concludes  that  it  contains  a  rinp^  of  four  arsenic  atoms,  and 
he  has  succeeded  in  obtaining  a  small  quantity  of  yellow  arsenic 
by  the  reduction  of  this  form  of  the  oxide. 

i  Btr,  d,  ckem.  Ges..  36.  314. 

*  Ann,  Ckem,  (Ueblg),  396.  129,  171.  sao. 

*  Ztschr,  anorg.  Ckem,,  $6, 137. 

*  /*frf.,  3a,  437. 
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The  pentachloride  of  arsenic  has  been  obtained  by  Baskerville 
and  Bennett'  by  the  action  of  chlorine  on  the  trichloride  at  very 
low  temperatures. 

Our  knowledge  of  the  halide  double  salts  of  quinquivalent  an- 
timony has  been  very  materially  enlarged  by  Weinland  and  Feigc,* 
who  have  prepared  a  series  of  double  chloro-  and  bromo-anti- 
monates.  Most  of  these  are  derived  from  metachloro-antimonic 
acid,  HSbCle,  and  the  corresponding  bromo-acid.  A  second  salt 
of  quadrivalent  antimony,  RbaSbBre,  was  also  found. 

After  a  study  of  sundry  alloys  of  antimony,  Stock  and  Doht* 
find  that  the  alloy  of  antimony  with  2  parts  magnesium  is  best 
suited  for  the  preparation  of  stibine.  This  alloy  is  treated  with 
hydrochloric  acid,  the  gas  is  carefully  dried  and  condensed  by  the 
use  of  liquid  air.  The  fusing-point  of  stibine  is  — 88°,  its  boiling- 
point  — 17°.  When  pure,  it  is  fairly  stable  for  a  few  hours,  but 
is  immediately  decomposed  at  150°. 

By  an  examination  of  the  composition  of  the  vapor  of  a  mix- 
ture of  S2CI2  and  chlorine,  Ruff*  finds  that  the  supposed  com- 
pound SCI2  has  no  existence.  The  same  is  true  of  SBr,  and 
SBr^,**  while  Boulouch*  has,  by  tfie  use  of  the  dilatometer,  proved 
that  none  of  the  supposed  compounds  of  sulphur  and  iodine  have 
any  claim  to  recognition.  Russel  and  Smith^  have  failed  to  find 
any  evidence  for  the  existence  of  Deninger's  carbon  monosul- 
phide,  but  Thomsen  later  shows  that  it  is  really  formed  by  the 
action  of  hot  copper  upon  a  mixture  of  carbon  bisulphide  and 
nitrogen,  but  it  has  not  proved  possible  to  isolate  it.* 

Contrary  to  the  views  of  Ringer  and  Muthmann,  that  the  sup- 
posed compounds  of  sulphur  and  selenium  are  isomorphous  mix- 
tures of  the  elements,  Rathke*  considers  that  in  this  mixture  there 
are  present  not  less  than  two  distinct  compounds  of  sulphur  and 
selenium.  He  suggests  that  it  is  possible  that  in  the  sulphur 
molecule,  Sg,  a  larger  or  smaller  number  of  the  sulphur  atoms 
may  be  replaced  by  selenium.  Rathke  also  considers  that  the 
characteristic  decayed  horseradish  odor,  when  selenium  is  heated 
on  charcoal,  is  due  to  carbon*  selenide,  which,  even  in  the  most 
extreme  dilution,  has  the  same  odor. 

In  his  Habilitationsschrift  (Breslau,  1903),  Meyer  shows  that 
P^Seg  and  PaScg  are  to  be  looked  upon  as  distinct  chemical  com- 
pounds, but  that  P^Se  and  PaSe  do  not  exist. 

1  Thin  Journal,  34,  X070. 
s  B€r.  d.  cAem.  Ges.,  36, 144- 
<  Ibid.^  35,  txrj. 
«  Ibid.,  s6,  4x8. 
»  /(Wrf.,  36,  2437. 

•  Compt.  Rend.,  136,  1551. 
T  Proc,  Ckem.  Soe.,  18,  197. 

0  Ztschr.  anorg.  Ckem.,  34,  187. 

•  Ber.  d,  ckem.  Ges.,  36,  594- 
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Several  interesting:  classes  of  double  salts  ot  selenates  with 
iodates,  phosphates  and  arsenates  have  been  prepared  by  Wein- 
land  and  Barttlingck.*    The  complex  iodates  are  of  the  formulas 

•     I,0„2Se03,2R,0,H,0 
and 

3l,0.,2SeO„2R,0,5H,0; 
the  phosphates  and  arsenates  follow  the  types 

P,0,(As,OJ,2SeO.^R,0,3H,0 
and 

P,0.(As.O.),5SeO„3.5K,0,5.5H.O. 
All  these  salts  crystallize  well. 

Some  considerable  work  has  been  done  along  the  line  of  im- 
provements in  the  electrolytic  preparation  of  calcium.  Borphers 
and  Stockem'  use  fused  calcium  chloride  as  the  electrolyte,  start- 
ing the  current  through  a  thin  carbon  rod.  Their  calcium  is 
spongy,  but  may  be  pretty  thoroughly  freed  from  calcium  chlo- 
ride by  squeezing  when  fused.  They  prepare  strontium  by  the 
same  method,  and  find  it  is  as  soft  as  lead.  Amdt*  modifies  this 
method  by  using  the  electric  arc,  and  obtains  a  calcium  99  per 
cent.  pure.  Ruff  and  Plato*  discuss  the  subject  very  fully,  and 
describe  their  process  for  producing  the  metal,  either  on  a  small 
or  on  a  large  scale.  The  most  important  point  in  their  process 
is  the  use  of  a  mixture  of  calcium  salts  as  an  electrolyte.  The 
best  mixture  they  find  to  be  about  i  part  of  fluor-spar  to  6  of 
calcium  chloride.  Their  calcium  is  pure  white,  somewhat  harder 
than  lead. 

Goodwin  and  Smith*  describe  an  apparatus  for  the  preparation 
of  calcium  by  the  electrolysis  <rf  calcium  chloride. 

The  difficulties  attending  the  electrolytic  preparation  of  barium 
are  shown  by  Guntz*  to  be  due  to  the  formation  of  a  'basic'  dilo- 
ride,  BaCl,  which  he  has  prepared  in  a  pure  state.  This  diloride 
forms  double  salts  with  the  alkali  chlorides,  whidi  are  also  formed 
when  barium  chloride  is  heated  with  metallic  sodium  or  potassium. 

Attention  is  called  by  Granger^  to  the  fact  that  at  6oo*  alumi- 
num becomes  granular  and  exceedingly  brittle.  At  a  somewhat 
higher  temperature  it  is  very  soft  as  well  as  granular,  and  is 
easily  pulverized  in  small  quantities.  In  the  Comptes  Rendus 
(135,  791),  Vemeuil  discusses,  at  some  length,  the  conditions 
necessary  for  the  production  of  artificial  rubies.  It  appears, 
among  other  conditions,  that  the  temperature  must  be  but  little 
above  the  point  of  fusion  of  alumina,  else  the  melted  mass  will 

1  Bar.  d.  chem.  Ges,y  36,  I397> 

•  Ztschr.  EUktrockem.,  8,  757- 

•  rtnd,,  8,  861. 

4  Ber,  d.  chem.  Ges.y  35,  36x3. 

•  This  Journal,  35,  873. 

•  Compt.  Rend.^  136,  749 ;  Bull.  Soe.  ^him.  (3).  29, 490- 
T  Bull.  Soc.  Chim.  (3),  37,  789- 
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become  opaque  on  cooling.  In  less  than  two  hours,  Vemeuil  pre- 
pared a  ruby  of  nearly  3  grams  weight,  which  could  not  be  dis- 
tinguished from  the  natural  stone.  The  utmost  accuracy  in  con- 
forming to  the  necessary  conditions  is  demanded  to  attain  such  a 
result. 

During  the  past  year  a  considerable  amount  of  work  has  been 
done  upon  thallium.  Especially  has  there  been  an  effort  to  ob- 
tain thallium  alums,  in  which  thallium  is  the  trivalent  metal. 
Numbers  of  double  sulphates  have  been  obtained  by  Marshall,* 
and  Meyer  and  Goldschmidt,*  but  in  no  case  an  alum.  The  nearest 
approach  to  a  solution  of  the  problem  is  by  Piccini  and  Fortini,* 
who  have  prepared  mixed  crystals  of  ammonium  alum  in  which 
a  portion  of  the  aluminum  is  replaced  by  thallium.  They  have 
not  succeeded,  however,  in  preparing  the  pure  thallium  ^lum. 
The  thallium  oxalates  have  also  interested  Meyer  and  Gold- 
schmidt,*  as  well  as  Rabe  and  Steinmetz,*  particularly  in  the 
effort  to  form  complex  thallium  salts.  While  their  efforts  in 
this  direction  were  not  attended  with  success,  numerous  new, 
double  oxalates  were  discovered.  Meyer  and  Goldschmidt  also 
prepared  double  salts  of  thallic  acetate  and  of  thalHc  nitrate,  both 
rather  rare  classes  of  salts. 

Investigations  upon  the  rare  earths  have  not  been  neglected 
during  the  past  year,  though  few  new  ideas  have  been  brought 
out.  Drossbach*  splits  didymium  into  its  components  by  the  use 
of  a  concentrated  potash  solution,  and  the  recrystallizaticm  of  the 
double  magnesiimi  nitrate.  From  a  potash  solution  containing 
cerium,  lanthanum  and  didymium,  he  precipitates  pure  cerium 
quantitatively  by  a  current  of  chlorine.  Meyer  and  Koss^  have 
studied  the  iodimetry  of  cerium  dioxide  and  the  didymium  oxides, 
perfecting  a  method  for  the  estimation  of  the  former.  Following 
up  his  work  upon  the  preparation  of  the  anhydrous  chlorides  of 
neo-  and  praseodymium,  Martignon*  has  studied  the  effect  of  heat 
upon  the  chlorides  of  samarium,  yttrium  and  ytterbium  in  a  cur- 
rent of  dry  hydrogen  chloride.  SmCl8x6H20  loses  5  molecules  of 
water  at  no®  and  the  last  at  150**.  Anhydrous  samarium  chlo- 
ride is  a  yellow  powder  darkening  with  heat  and  fusing  to  a 
dark  brown  liquid  at  about  1000°,  but  regaining  its  original  color 
on  cooling.  It  is  very  deliquescent  and  evolves  much  heat  on 
solution  in  water.  The  anhydrous  chlorides  of  yttrium  and  ytter- 
bium are  very  similar  to  that  of  samarium. 

1  Proc.  Roy.  Soc,  (Bdin.)  34,  Hi,  305. 
s  Ber.  d.  cfum  Ges.,  36,  258. 
■  Ztschr.  anorg.  Cktm.^  31,  451. 
«  Loe.  at, 

*  Ber.  d.  chem.  Ges.^  35,  4447. 

*  J  bid.,  35,  38a6. 
»  Ibid.,  33,  3740. 

*  Compt.  Rend.,  134,  1308. 
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Starting  with  a  mixture  of  the  yellow  oxides  obtained  in  the 
preparation  of  didymium  from  monazite  by  the  chromic  acid 
m^hod  and  fractioning  with  ammonia  and  then  with  oxalic  acid, 
Marc,^  while  failing  to  isolate  terbia,  has  thrown  light  upon  the 
subject.  He  concludes  that  the  so-called  terbia  is  a  mixture  of 
yttria  and  another  heavier  earth,  probably  ytterbia,  colored  with 
a  small  amount  of  the  real  terbia.  Terbium  has  two  oxides,  the 
lower  white  and  the  higher  colored.  It  probably  has  an  absorp- 
tion spectrum  in  which  the  principal  band  is  A.  =  464-461.  Its 
atomic  weight  should  be  about  157.  Cleve's  thulia  he  considers 
to  be  an  yttria-ytterbia  mixture  with  a  little  holmia  and  terbia, 
and  Cleve's  decipia  a  gadolina-yttria  mixture  colored  with  pra- 
seodymia.  Cleve  has  separated  out  a  ver>'  pure  ytterbia  and  de- 
scribed a  long  list  of  its  salts.*  Ytterbium  is  always  trivalent 
and  resembles  most  closely  yttrium  and  erbium.  Rosenheim^  has 
described  a  large  number  of  new  thorium  salts,  some  of  them 
with  organic  acids.  He  also  finds  thorium  chloride  to  form  com- 
pounds with  many  organic  oxygen  compounds  such  as  alcohol, 
aldehyde,  acetone,  and  benzaldehyde. 

According  to  Elba,  by  the  electrolysis  of  hydrochloric  acid  with 
a  lead  anode  PbClj  is  formed,  but  with  two  anodes,  one  of  lead 
and  one  of  carbon,  the  PbClj  formed  is  oxidized  by  the  chlorine 
at  the  carbon  anode  to  PbCl^.  The  double  chloroplumbates  can 
be  prepared  in  this  way,  and  the  slightly  soluble  quinoline  salt 
can  be  used  to  determine  the  production  of  the  tetrachloride  quan- 
titatively.* Seyewetz  and.  Trawitz'  prepare  the  ammonium 
chloroplumbate  by  adding  a  moist  lead  dioxide  in  small  portions 
to  an  excess  of  concentrated  hydrtxrhloric  acid  at  o**,  and  also* 
by  the  action  of  ammonium  persulphate  on  lead  dichloride.  The 
chloroplumbate  is  used  by  them  as  a  very  effective  agent  for 
chlorination  in  organic  chemistr\'. 

Titanium  trichloride  and  other  compounds  of  trivalent  titanium 
have  been  found  by  Knecht^  to  be  excellent  reducing  agents,  far 
more  powerful  than  stannous  chloride.  Among  other  instances, 
tiitro  compounds  are  instantly  reduced  to  amines. 

By  electrolytic  reduction  Piccini  and  Marino*  have  prepared 
a  number  of  salts  of  bivalent  vanadium.  The  sulphates  belong 
to  the  ferrous-iron  type,  crystallizing  alone  with  7  molecules  of 
•water,  and  as  alkali  double  salts  with  6  molecules.  Isomorphous, 
crystal  mixtures  were  formed  of  vanadium-magnesium,  and  of 
vanadium- ferrous   sulphates.     Quadrivalent   vanadium   is   being 

1  Ber,  d.  chem.  Ges.,  39,  2382. 

*  Ztsehr.  anorg.  Ckem.,  3a,  129. 

*  Ibid,,  39,  434. 

«  Zischr.  Eiektrochim.,  8,  51a. 
»  BuU.  Soc.  Ckim.  (3),  ap.  455. 

*  Compi.  Rtnd.,  136,  686. 

7  Ber.  d,  chem.  Ges.,  36,  166. 

*  Ztsehr,  anorg.  Chem.,  3a,  55 
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investigated  by  Koppel  and  Behrendt.*  In  their  first  communica- 
tion they  described  a  series  of  simple  and  double  vanadyl  sul- 
phates, and  another  of  sulphites. 

An  extended  investigation  of  chromium  salts  has  been  b^^n 
by  Wyrouboff,^  with  especial  reference  to  the  constitution  of  the 
violet  and  green  modifications.  He  considers  that  the  violet  salts 
always  contain  the  group  Cr2(OH)e,  to  which  the  acid  is  added. 
Thus  the  hydrated  violet  sulphate  has  the  formula 

Cr,(OH)o,3H,SO„ioHA 
while  the  anhydrous  form  is 

Cr,(OH)e,3H,SO,. 
On  the  other  hand,  the  green  salts  contain  the  radical 

Cr,(OH),(OH)«, 
in  which  two  hydroxyls  are  acid  and  four  basic.    Thus  we  have 
the  g^een  salts 

Cr2(OH),(OH)„2H2SO, 
and 

Cr,(OH)2,2KOH,(OH),. 
The  formation  from  the  violet  salt  is  not  merely  a  loss  of  water^ 
but  often  a  loss  of  acid.  The  chromosulphuric  acids  exist  in  several 
modifications,  the  first  member  of  the  series  having  the  formula 

[Cr,0(OH),(OH),(SO,),]0(OH)«(OH).. 
the  last  two  hydroxyls  being  acid  in  their  nature.  WyrouboflF 
holds  that  many  of  the  seemingly  simple  inorganic  compounds 
are  in  reality  very,  complex  and  must  be  likened  in  their  con- 
stitution to  the  compounds  of  •organic  chemistry.  By  the  action 
of  hot  concentrated  hydrochloric  acid,  Recoura*  finds  that  chro- 
mium sulphate  is  converted  into  a  dilorosulphate, 

CrS0.Cl,6H,0, 
in  which  the  chlorine  is  not  immediately  precipitable  by  silver 
nitrate,  while  the  sulphate  group  is  immediately  precipitated  by 
barium  chloride.  On  heating  this  compound  to  85®,  it  gradually 
loses  I  molecule  of  water,  the  sulphate  group  is  no  longer  affected 
by  the'  barium  chloride,  and  its  aqueous  solution  is  a  non-elec- 
trolyte. Aluminum  forms  a  similar  chlorosulphate,  but  iron  does 
not. 

The  question  of  the  existence  of  bichromates  of  any  metals 
except  those  of  the  alkalies  has  been  settled  by  Autenrieth,*  who 
prepares  silver  bichromate,  AggCraOj,  by  double  decomposition 
in  the  presence  of  nitric  acid,*  and  also  by  the  action  of  silver 
nitrate  on  chromium  trioxide.  Barium  bichromate  was  also  ob- 
tained, but  not  lead  bichromate.    He  further  clears  up  the  reac- 

1  ZUchr..  anorg.  Chrm.,  35,  154. 
«  BuU.  Sac.  Chim,  (3),  37,  666,  719. 
>  Compi.  Rend.^  135,  163. 
*  Ber.  d.  chem.  Ges.,  33,  2057. 
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tion,  for  the  preparation  of  chromyl  chloride,  by  findinjr  that  while 
a  20  per  cent,  hydrochloric  acid  gives,  with  chromium  trioxide, 
only  chlorine,  if  the  acid  is  35  per  cent,  to  40  per  cent,  strong,  a 
large  amount  of  the  chromyl  chloride  is  obtained.  A  double 
chromate  has  been  at  last  prepared  by  Briggs,^  who,  by  the  action 
of  ammonium  chromate  on  nickel  sulphate,  has  obtained  the  am- 
monium nickel  sulphate 

(NH,)2Ni(SOJ„6HA 
The  pure  potassium  salt  was  not  made,  but  an  isomorphous  mix- 
ture of  the  potassium-  nickel  sulphate  and  chromate  was  obtained. 

Doering*  has  made  an  extended  study  of  a  chromium,  97  per 
cent,  to  ^  per  cent,  pure,  prepared  by  the  Goldschmidt  process. 
The  metal  is  rapidly  dissolved  by  hydrochloric  acid,  CrClj  being 
first  formed,  but  the  whole  being  eventually  converted  into  CrClj. 
Since  in  a  hydrogen  atmosphere  the  bichloride  is  rapidly  con- 
verted into  the  trichloride  only  in  the  presence  of  catslytic  agents, 
such  must  be  present  in  this  solution  of  chromium.  This  agent 
was  found  to  be  Geuther's  oxide  of  silicon,  SisHjOg,  formed  from 
the  silicon  present  as  an  impurity  in  the  chromium.  The  fusing- 
point  of  a  similar  chromium,  99  per  cent,  pure,  was  found  by 
Lewis'  to  be  iSiS**. 

Several  pieces  of  valuable  work  on  tungstates  have  been  carried 
out  in  the  laboratory  of  the  University  of  Pennsylvania  under  the 
direction  of  Dr.  Edgar  F.  Smith,  and  published  in  this  Journal.* 
The  so-called  para-  and  metatungstates  have  been  investigated 
by  Taylor,  who  finds  all  the  known  ammonium  salts  to  have  a 
complex  formula.  He  assumes  that  in  all  these  salts  the  group 
2NH40H,4W0j  is  present  as  a  nucleus,  the  side  chains  contain- 
ing varying  proportions  of  NH^OHjWOs  and  H^O.  A 
new  class  of  complex  tungstates,  containing  vanadium  and  phos- 
phorus, or  arsenic,  in  different  stages  of  oxidation,  has  been  de- 
scribed by  Smith  and  Exner,  and  further  developed  by  Rogers. 

i3(NH,).0,2P,0„8V,0«,34W03,86H,b 
may  be  cited  as  an  example  of  one  of  these  salts.    Friedheim  and 
Henderson'  have  described  a  somewhat  similar  class  of  tungstates 
containing  vanadic  and  silicic  acids. 

Interest  in  the  subject  of  colloids  has  greatly  increased  among 
chemists  since  Bredig's  work  upon  colloidal  platinum  and  several 
new  methods  of  preparing  metallic  and  other  colloids  have  been 
recently  described.  By  means  of  hydrazine  hydrate,  hydroxyl- 
amine  hydrochloride,  or  hypophosphorous  acid,  Gutbier*  obtains 
hydrosols  of  gold,  silver,  platinum,  mercury,  and  copper,  as  well 

1  y.  CMem.  Soc.,  S3.  401. 

«  y.  prakt.  C/um.  (a),  66,  65. 

«  Chem.  News,  86,  13. 

«  This  Journal.  34,  573,  629  ;  35,  398. 

*  Ber.  d  chem.  Get.,  30,  334a. 

*  Ztschr.  anorg.  Chem.,  31,  448  ;  3a,  292,  347* 
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as  of  selenium  and  tellurium.  The  gold  hydrosol  prepared  by 
the  action  of  hydrazine  on  a  dilute  neutral  solution  of  ^d  chlo- 
ride, is  blue  and  resembles  that  obtained  by  Bredig  electrolytically. 
It  is  very  stable  in  the  c(dd,  but  on  warming  is  immediately  con- 
verted into  the  hydrogel.  Gutbier  also  obtains  hydrosols  of 
tellurium  disulphide  and  trisulphide,  and  of  selenium  disulphide* 
Kuespert  uses  formaldehyde  as  his  reducing  agent^  in  the  pres- 
ence of  water-glass.  He  prepares  a  hydrosol  of  copper  acetylide 
by  adding  a  trace  of  copper  and  ammonia  to  water,  which  has 
been  shaken  up  with  acetylene.  Henrich's  reducing  agents*  are 
the  photographic  developers,  of  which  he  finds  pyrogallol  the  best 
for  the  production  of  colloidal  metals.  By  varying  his  solvents, 
he  gets  organosols  of  gold  with  ether,  acetone,  and  alcohol.  He 
calls  attention  to  the  fact  that  in  the  electric  current  the  metal 
of  a  hydrosol  moves  toward  the  positive  pole.  While  the  method 
of  Bredig  failed  to  give  colloidal  mercury,  this  has  been  prepared 
electrolytically  by  Billitzer*  by  the  electrolysis  of  a  very  dilute  solu- 
tion of  mercurous  nitrate  with  a  current  of  220  volts  at  0.2  to  0.3 
amperes.  An  interesting  colloid  of  silver  (and  mercury)  oxide, 
under  the  name  of  collargol,  is  prepared  by  Paal*  by  adding 
caustic  soda  to  a  solution  of  silver  nitrate  and  sodium  protalbinate, 
or  lysalbinate.  On  warming  the  solution,  colloidal  silver  is 
formed,  and  colloidal  gold  may  be  prepared  in  a  similar  way. 
Within  the  past  few  months  there  has  been  some  little  discussion 
as  to  whether  or  not  the  silver  in  collargol  is  in  chemical  com- 
bination. The  colloidal  hydroxides  have  been  studied  by  Biltz,' 
who  prepares  them  by  the  dialysis  through  parchment  paper  of 
a  dilute  solution  of  the  nitrates,  the  reaction  being  hydrol)rtic. 
Nitrates  are  chosen  from  the  fact  of  their  lesser  influence  in 
promoting  the  formation  of  a  hydrogel,  since  some  of  the  acid 
remains  present  after  dialysis,  in  the  form  of  a  basic  nitrate. 
By  a  similar  method,  Melikoff^  obtains  from  potassium  per- 
columbate,  c611oidal  percolumbic  acid,  from  which  oxygen  is 
evolved  on  standing,  or  more  rapidly  by  the  addition  of  concen- 
trated sulphuric  acid.  This  indicates  that  percolumbic  acid  is  not 
to  be  looked  upon  as  a  compound  of  hydrogen  peroxide. 

But  little  work  has  been  done  upon  the  inert  gases  of  the 
atmosphere.  By  working  on  a  large  mass  of  air  (191.1  kg.), 
Ramsay^  has  studied  more  completely  krypton  and  xenon,  the 
boiling-points  of  whith  are  respectively — 1517**  and  — log.!*. 
The  amount  of  krypton  in  the  atmosphere  is  estimated  as  i 
volume   in    20,000,000,    and    that    of   xenon    as    i    volume    in 

1  Ztschr.  anorg.  Chem.^  34,  453 ;  Btr.  d.  chem.  Ges.,  3s »  ^^5t  40^* 
s  Bsr.  d.  chem.  Ga.^  36,  609. 

*  Ihid.^  35,  X929. 

*  fbid.,  33, 3ao6,  3319,  3324. 
»  Ihid.,  33,  4431. 

*y.  Ruu.  Pkys.-Ckem.  Soc.,  33,  457. 
f  Ck€M.  Newst  87,  X59- 
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i70,ooo,ocx).  By  a  comparison  of  the  spectra,  Liveing*  concludes 
that  the  presence  of  the  inert  gases  in  the  sun  is  exceedingly 
probable.  The  spectra  of  these  gases  have  been  more  thoroughly 
studied  by  Baly,*  and  from  the  spectra  of  krypton,  and  xenon 
it  seems  probable  that  some  unknown  element  of  higher  atomic 
weight  is  present. 

That  subject  which  has  attracted  more  attention  than  any  other 
during  the  past  year  has,  undoubtedly,  been  radio-activity. 
Even  a  brief  outline  of  the  work  done  would  require  much  space, 
and  there  may  be  a  question  as  to  how  far  this  subject  belongs 
to  chemistry.  Two  points  of  interest  may,  however,  be  noted. 
It  was  recently  currently  reported  that  Huggins  had  found  the 
spectrum  of  radium  to  be,  in  part,  identical  with  that  of  helium, 
but  this  has  since  proved  to  be  a  mistake.  It  appears,  however, 
that  Ramsay  has  actually  obtained  helium  in  the  emanations  from 
radium.  It  also  seems,  from  the  most  recent  reports,  that  Curie 
finds  the  energy  of  radium  to  be  given  off  more  actively  at  ex- 
tremely low  temperatures  than  at  higher. 

Some  little  has  been  done  upon  the  metal-ammonias  and  metal- 
ammonium  bases.  Barium-ammonia  has  been  carefully  investi- 
gated by  Guntz  and  Mentrel.*  At  temperatures  not  above  28°, 
barium  unites  directly  with  ammonia,  forming  the  compound 
Ba(NHj)e.  Below  — 23®  this  compound  is  stable,  but  above 
that  begins  to  decompose,  formifig  barium  amide,  Ba(NH,),, 
which  is  also  formed  by  the  action  of  ammonia  on  barium  at  280®. 
At  650**  the  amide  is  decomposed  into  barium  nitride,  Ba^N^. 
The  action  is  reversible,  and  below  680**  barium  nitride  unites 
with  ammonium  to  form  the  amide.  It  is  worthy  of  note  that  by 
the  action  of  carbon  monoxide  upon  barium-ammonia,  barium 
carbonyl,  Ba(CO)2f  Js  formed,  a  yellow  body,  fairly  stable,  but 
decomposing  in  the  air  or  moisture.  Sodium  and  lithium  form 
compounds  much  similar  to  those  of  barium.  The  cesium  and 
rubidium-ammonia  have  been  prepared  by  Moissan,*  and  have 
the  formula  CsNH,  and  RbNH,. 

The  copper-ammonium  bases  have  been  the  subject  of  con- 
tinued investigation  by  Bouzat.'    He  suggrests  for  the  constitutive:! 
of  the  three  cupri-ammonium  bases  the  following: 
Cu(NH3)„2HCl; 
Cu(NH,NHJ„2HCl; 
and 

Cu(N(NHJ,),2HCl, 
formulae  which  seem  rather  a  step  backward  toward  the  old 
Blomstrand  theory.    Several  of  the  metal-ammonium  bases  have 
been  studied  frc«ii  the  standpoint  of  physical  chemistry  by  Euler* 

»  Proc.  Cambr.  Phil,  Soc.,  IJ,  II,  87. 
.s  /Voc.  Hoy.  Soc.,  7a,  S4. 
'  Bull  Soc.  Chim.  (x)  99,  585. 
<  Campt.  Rend..  136,  1177. 

•  Ann.  chim.  phrs.  (7).  36,  479  ;  S9f  30S« 

•  B€r.  d.  chem.  Get.,  36,  1854- 
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and  Bonsdorff.^  The  complex  cathions  are  all  strong  bases, 
Ag(NH3)2  being  comparable  with  the  alkalies,  its  hydroxide 
being  more  strongly  dissociated  than  barium  hydroxide.  The 
cadmium  cathion  is  Cd(NH,)4,  and  that  of  zinc  Zn(NH3),. 
In  this  connection  it  may  be  noted  that  Bonsdorff  pbtained 
argento-cyanic  acid,  HAg(CN)„  by  solution  of  silver  cyanide 
in  HCN  and  it  proves  to  be  a  very  strongly  dissociated  acid. 
Apropos  of  the  Werner  hypothesis,  Kremann*  has  described  an 
interesting  experiment  in  which  the  colored  complex  ions  of  the 
luteo-,  purpureo-  and  praseo-cobalt  bases  migrate  to  the  cathode, 
while  the  colored  ions  of  potassium  diamino-cobaltonitrite  migrate 
to  the  anode,  as  is  demanded  by  the  theory.  Werner  and  Gos- 
lings' discuss  the  carbonato-cobalt  amines,  showing  that  the  CO, 
group  can  enter  the  co-ordinated  nucleus  of  a  molecule,  occupiring 
a  single  co-ordinated  position.  They,  however,  seem  to  assume 
that  it  is  Imked  by  one  unit  of  combining  power  to  one  of  the 
ammonium  groups.  Several  new  carbonato-pentamine  salts  are 
described  by  them. 

There  appears  to  be  a  renewed  interest  of  late  in  those  fields 
which  lie  in  both  inorganic  and  organic  chemistr}',  the  organic 
compounds  of  inorganic  elements.  Wyrouboflf*  has  examined  the 
didymium  and  double  glucinum  Oxalates;  Guerbet,*  the  lactates 
of  mercury;  Buroni,*  the  mercurous  and  haJo-mercurous  salicyl- 
ates ;  Biilmann,^  the  mercury  salts  of  many  other  organic  acids ; 
Howe  and  Smiley.*  chrom-malonic  acid  and  some  of  its  salts; 
Pictet,*  acetyl-nitric  and  acetyl-chromic  acids,  as  well  as**  boro- 
acetates,  boro-butyric  acid,  etc. ;  and  Pope  and  Peachy,**  halo- 
derivatives  of  stanni-methane. 

In  conclusion  may  be  noticed  a  paper  read  by  Dewar  before 
the  Royal  Society,**  giving  the  density  and  the  coefficient  of  ex- 
pansion of  ice,  carlxMi  dioxide,  hydrated  salts,  and  many  other 
compounds,  at  low  temepratures,  generally  at  about  —  i88**.  The 
interesting  point  is  brought  out  that  the  density  of  ice  never 
becomes  as  great  as  the  least  density  of  liquid  water,  or,  as  ex- 
pressed by  Dewar,  the  ice  molecules  can  never  approach  so  near 
each  other  by  thermic  contraction  as  are  the  molecules  of  liquid 
water. 

1  Btr.  d,  ckem.  Get.,  36,  3323. 
s  Ztschr.  anorg.  Chem.^  33,  87. 
>  Btr.  d.  ekem.  Ges.^  36,  2378. 
«  Buil.  Soe.  Franc.  Min.,  93,  66,  71. 

•  J,  Pkarm.  Ckim.  (6),  16,  5. 

•  GaxK.  cktm.  itat,,  3»,  II«  y>S* 
7  Btr.  d.  chem.  Ges.,  33,  3571. 
B  This  Journal.  33,  444. 

•  Arch.  Sci.  Geneve,  13,  589 ;  Ber.  d.  chem.  Ges.,  33,  t^i6  ;  36,  22x5. 
10  Ber.  d,  chem.  Ges.^  36,  2219. 

*>  Proc.  Roy.  Soc,  7J,  7. 
"  Chem.  News,  83.  a??.  «89. 


NOTE. 

Further  Facts  Recording  "Ureine" — The  September  number 
of  the  Journal  (Review  of  American  Chemical  Research,  p.  396) 
gives  an  abstract  of  the  latest  repetition  of  the  "ureine"  fallacy, 
this  time  published  in  Le  Physiologiste  Russe. 

About  three  years  ago,  Dr.  William  Ovid  Moor  began  his  series 
of  communications  on  "The  Discovery  of  Ureine,  the  Principal 
Organic  Constituent  of  Urine  and  the  True  Cause  of  Uraemia."* 
The  announcement  of  the  alleged  discovery  was  made  in  such 
extravagant  terms  that  it  was  next  to  impossible  to  have  any 
faith  in  the  results  and  conclusions  Dr.  Moor  brought  forward. 
Thus,  "ureine"  was  Soid  to  be  the  "most  characteristic  component 
part  of  urine,"  existing  in  "a  quantity  superior  to  urea." 
"Ureine  belongs  to  the  group  of  alcohols  of  the  aromatic 
series,"  wrote  Dr.  Moor ;  in  another  part  of  the  paper  it  was  re- 
ferred to  as  "a  ferment"  with  "a  potential  energy  of  at  least 
130**  C,"  "being  the  principal  cause  of  the  ammoniacal  fermenta- 
tion of  urine,  as  without  its  presence  urea  cannot  be  decomposed 
into  ammonia  and  carbon  dioxide."  "Without  ureine,"  it  was 
further  stated,  "all  otganic  matter  would  become  converted  into 
urea,  which  would  remain  in  nature  without  any  use,  and  thus, 
within  a  limited  period  of  time,  all  vegetation  and  animal  as  well 
as  human  life  would  cease." 

Shortly  after  Moor's  first  publication,  Chace  and  I  failed  com- 
pletely to  obtain  any  of  Moor's  essential  results,  in  spite  of  special 
care  in  all  our  operations.  We  were  able  to  show,  however, 
that  "ureine"  is  a  mixture  of  substances — in  fact,  merely  urine, 
minus  most  of  its  water  and  urea,  and  some  of  the  other  constitu- 
ents, plus  material  added  to  and  formed  in  it  during  the  manipu- 
lations. Employing  customary  methods  of  separation  and  detec- 
tion, purified  "ureine"  has  been  found  to  contain  sodium,  potas- 
sium, ammonia,  phosphate,  urea,  creatinin.  pyrocatechin.  phenol- 
alkaloidal  substances  and  purin  bases.  Other  urinary  substances 
are  present,  which  we  have  not  attempted  to  identify.  Although 
we  avoided  excess  of  mercuric  nitrate  m  the  process  of  decoloriza- 
tion,  following  Mood's  method  precisely,  we  always  found  meh- 

>  Moor:  **  The  Discovery  of  Ureine,  the  Principal  OtRanic  Constituent  of  Urine  and 
the  True  Cause  of  Uraemia."  Communication  presented  to  the  Thirteenth  International 
Mcdieal  Congress,  Paris,  1900.  Publisb«*d  in  the  Medical  Record.  58,  3^6  (September  i. 
1900). 
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cury  in  *'ureine."  Doubtless  a  soluble  compound  of  mercury  was 
formed  in  the  "purification"  process.  Nitrate  and  oxalate,  alsQ 
introduced  during  this  so-called  purification,  were  constant  con- 
stituents. Shaken  repeatedly  with  excess  of  ether  in  a  separatory 
funnel,  "ureine*'  gradually  separates  into  several  layers  of  differ- 
ent color  and  degrees  of  transparency,  and  the  ether  itself  takes 
on  a  yellowish  tinge.  Samples  that  had  been  allowed  to  stand 
exposed  to  the  air  for  several  months  deposited  crystals  of  urea. 
The  amount  of  ash  from  four  preparations  varied  from  9  to  24 
per  cent.  \  wax-like  mass  can  be  obtained  immediately  on  treat- 
ment of  the  "ureine"  with  concentrated  nitric  acid.  When  this 
mass  is  broken  up  mechanically  in  an  excess  of  nitric  acid  and 
examined  under  the  microscope,  crystals  of  urea  nitrate  are  seen 
to  cover  the  field. 

Our  general  conchiSions^  have  been  that  "ureine*'  is  a  mixture, 
containing  several  of  the  organic  substances,  and  a  considerable 
proportion  of  inorganic  matter,  ordinarily  found  in  normal  urine ; 
also  matter  introduced  with  reagents  in  the  so-called  purification 
process.  Further,  the  toxicity  of  "ureine"  is  due  to  some  of  the 
normal  urinary  constituents,  such  as  the  potassium  and  the 
alkaloidal  bodies,  and  to  the  radicals  introduced  in  "purifying." 
Consequently,  much  as  it  is  to  be  regretted,  "ureine"  does  not 
furnish  a  clue  to  the  cause  of  uraemia  nor  can  any  of  Dr.  Moor's 
biological  deductions  regarding  **ureine"  be  accepted. 

Our  criticism  of  Moor's  work  and  conclusions  in  this  connec- 
tion have  been  endorsed  by  several  investigators,  but  none  of  the 
questions  raised  by  us  has  ever  been  answered  by  Dr.  Moor. 
In  the  meantime,  however,  "ureine"  is  being  exploited  in  the  same 
manner  in  one  journal  after  another,  and  impossible  chemistry 
and  biology  receive  wide  circulation.  William  J.  GiCS. 
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The  Elements  of  Electro-Chemistry.  Treated  Experimentally. 
By  Dr.  Robert  Lupke.  Second  English  edition,  translated  from  the 
fourth  German  edition.  By  M.  M.  Pattison  Muir.  250  pp.  Price, 
I2.50.     Philadelphia:  }.  B.  Lippincott  Company. 

The  work  is  dividt d  into  three  parts :    ( i )  Recent  theories  of 

1  Chsce  and  Gics:  "Some  PacU  Regarding  'Ureine,"'  Mtdical Record^  09,  329  (March  a, 
1901);  also  Gies  and  collaborators  :  "  Biochemical  Researches,*'  reprint  No.  31  (1909). 
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electrolysis,  79  pages;  (2)  the  theory  of  solutions  of  van't  Hoff, 
44  pages;  (3)  the  osmotic  theory  of  the  current  of  galvanic  cells, 
119  pages.  Under  these  headings,  Dr.  Lupke  has  presented,  in 
very  readable  and  easily  comprehended  language,  the  present 
status  of  the  subject.  The  experimental  part  is  easily  the  best 
part  of  the  book,  the  experiments  being  very  well  chosen  and  very 
suitable  for  bringing  out  the  principal  facts  of  the  science.  If 
the  teacher  using  the  work  will  confine  his  pupil's  attention  to 
the  experiments  and  the  facts  which  they  teach,  both  teacher  and 
student  will  be  very  much  helped  by  the  book.  If,  however,  the 
student  wanders  into  the  theoretical  part  of  the  book,  he  will 
learn,  along  with  much  which  is  good,  also  much  which  is  ques- 
tionable, and  he  will  need  close  attention  from  his  teacher  to  keep 
him  from  receiving  distorted  ideas.  The  weak  side  of  the  theo- 
retical part  is  that  it  presents  many  of  die  generalizations  of 
the  dissociation  theory  as  if  they  were  without  exceptions,  and 
ignores  many  recent  proofs  of  the  failure  of  the  theory  in 
some  special  cases.  Part  of  Faraday's  generalizations  are  credited 
to  von  Helmholtz,  simply  because,  apparently,  the  latter  discussed 
them  in  a  lecture,  while  Le  Blanc  is  credited  with  the  discovery 
of  a  law  r^;arding  the  voltage  necessary  to  decompose  a  com- 
pound, which  is  merely  a  re-statement  of  Thomsen's  rule,  coupled 
with  Hess's  law  of  thermo-neutrality.  These,  perhaps  unconscious, 
appropriations  of  electrochemical  honors  for  German  scientists 
will  perhaps  make  the  book  more  popular  in  Germany,  but  de- 
crease its  reliability  for  general  use. 
The  translator  and  publishers  have  done  their  work  very  well. 

Joseph  W.  Richards. 

Arbbitsmkthodbn  PtxR  Organisch-Chemischb  Laboratoribn  :  EiN 
Handbuch  Pt^R  Chbmikbr,  Mbdizinbr  und  Pharmazbutbn.  Von 
Profbssor  Dr.  Lassar-Cohn.  Dritte,  vollatandig  uxngearbeite  and 
vermehrte  Auflage.  Hamburg  nnd  I^ipzig :  Iwcopold  Voss.  1 901- 1903. 
xyi  +  1 24 1  pp.    Price,  38  marks. 

The  second  edition  of  this  work  is  well  known,  both  in  the 
original  and  in  the  excellent  translation  of  Alexander  Smith.  The 
material  included  in  the  present  edition  is  more  than  twice  as 
great  as  that  of  the  second.  The  work  consists,  first,  of  a 
"General  Part,*'  (213  pages)  which  discusses  general  operations 
such  as  extraction  with  ether,  distillation,  dialysis,  sealed  tubes,  de- 
colorizing of  liquids,  filtration,  crystallization,  solvents,  determina- 
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tion  of  molecular  weights,  melting-points  and  boiling-points,  sub- 
limation and  drying.  Methods  used  in  the  determination  of  other 
physical  properties,  such  as  specific  gravity,  viscosity,  heat  of 
combustion,  refractive  index,  specific  rotation  and  electrical  con- 
ductivity are  not  mentioned. 

The  "Special  Part"  is  devoted  to  a  discussion  of  the  more  im- 
porta.nt  processes  used  in  the  preparation  and  study  of  organic 
compounds,  and  includes  the  following  topics :  Formation  of  acyl 
and  benzenyl  derivatives,  and  of  oximes  and  hydrazones ;  fusion 
with  alkalies ;  introduction  of  halogens ;  replacement  of  halogens : 
preparation  of  salts  and  alkaloids;  preparation  of  diazo  com- 
pounds ;  esterification  of  acids  and  etherification  of  phenols ;  con- 
densation ;  formation  of  nitro  compounds ;  separation  of  isomers ; 
saponification  of  cyanides  and  esters.  The  book  concludes  with  a 
description  of  the  methods  for  the  ultimate  analysis  of  organic 
compounds. 

As  the  author  of  the  work  points  out,  the  literature  of  this  sub- 
ject has  grown  to  such  overwhelming  proportions  that  it  is  often 
extremely  difficult  to  find  the  method  best  suited  for  a  particular 
purpose.  The  general  indexes  are  usually  of  little  service,  since 
methods  of  working  arc,  in  general,  described  as  incidental  to  the 
preparation  of  some  compound,  and  only  the  name  of  the  latter 
is  to  be  found  in  the  index.  Professor  Lassar-Cohn's  book  serves 
a  most  useful  purpose  in  this  direction.  The  various  topics  are 
illustrated  by  thousands  of  examples  taken  from  the  literature. 
In  the  present  edition  many  of  these  have  been  taken  from  the 
patents,  and  when  we  consider  the  rigid  commercial  requirement 
that  a  method  must,  if  possible,  give  a  good  yield,  it  is  easily  seen 
that  workers  in  scientific  laboratories  may  secure  very  many  valu- 
able suggestions  from  this  source. 

The  experience  of  the  author  would  seem  to  have  been  almost 
exclusively  with  aromatic  compounds.  For  this  reason  the  work 
is  somewhat  deficient  in  methods  which  are  especially  adapted 
to  aliphatic  bodies.  English  and  American  journals  seem  to  have 
been  almost  completely  ignored  in  the  preparation  of  the  book, 
and  in  a  number  of  places  the  author's  knowledge  is  incomplete 
or  one-sided  for  this  reason. 

It  is  very  unfortunate  that  the  author  has  not  furnished  a 
general  index,  which  should  include  all  of  the  compounds  men- 
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tioned  in  the  book.    Even  the  special  indexes,  at  the  close  of  each 
section,  are  not  so  complete  as  they  should  be. 

In  spite  of  these  faults,  the  book  is  a  very  valuable  one,  and  it 
should  be  in  every  kboratory  where  work  in  organic  chemistry 
is  done.  W.  A.  Noyks. 

Quantitative  Analysis,  Adapted  for  Use  in  the  Laboratories  op 

COLZ^EGBS  AND  SCHOOLS.   BY  FRANK  CLOWES,  D.SC.,  AND  J.  BERTRAND 

Bernard  Coleman,  A.R.C.Sc.    Philadelphia  :  P.   Blakiston's  Son  & 
Co.     1903.     Sixth  edition.    602  pp.,  125  cuts.     Price,  I3. 50. 

This  is  the  sixth  edition  of  a  work  which,  in  some  one  or  more 
of  its  previous  editions,  is  to  be  found  in  most  chemical  libraries. 
The  main  changes  are  a  revision  of  the  section  on  organic  anal- 
ysis and  the  addition  of  methods  for  the  determination  of  alumi- 
num and  nickel  in  steel,  the  analysis  of  aluminum  alloys  and  a 
table  of  four-place  logarithms.  The  Gooch  crucible  is  described  for 
the  first  time,  but  only  in  the  appendix,  and  its  use  is  nowhere 
recommended  in  the  text.  The  work  is  still  distinctively  English 
and  docs  not  always  accord  with  American  ideas,  or  the  best  and 
latest  practice.  This  is  especially  noteworthy  in  the  sections 
on  superphosphates,  milk,  nitrogen  and  silicates.  The  methods 
given  are  clearly  described  and  the  cross-references  are  so  full 
and  complete  that  even  the  routine  analyst  could  scarcely  fall  into 
errors  of  procedure.  Little  attempt  is  made,  however,  to  view 
quantitative  analysis  from  the  scientific  standpoint. 

The  book  covers  a  much  larger  field  of  analysis  than  would 
seem  possible  from  Its  size.  This  is  due  to  ftie  fact  that  there  is 
almost  no  repetition,  and  is  made  possible  by  the  excellent  system 
of  cross  references  already  mentioned.  The  opening  descriptive 
chapters  on  chemical  manipulation  are  unusually  clear  and  con- 
cise. These  are  followed  by  numerous,  simple  gravimetric  and 
volumetric  determinations,  to  be  themselves  succeeded  by  a  long 
list  of  general  quantitative  analyses  covering  a  wide  field. 

The  book  will  be  found  useful  in  all  laboratories  and  will  be 
serviceable  to  student.**,  under  proper  guidance.  It  is  well  printed 
and  has  a  good  index.  C.  L.  PARfONS. 

The  Sugar-Cane  in  Egypt.  By  Walter  Tiemann,  Member  of  the  So- 
ciety of  German  Sugar  Technicists  and  of  the  Association  des  Chimistes 
de  Sucreries  et  Distilleries,  Paris,     x  -|-  74  pp.     Price,  5/-  net. 

This  work,  by  the  director  of  the  experimental  station  in  Upper 
Egypt,  treats  of  the  sugar-cane  industry  only  from  the  agricul- 
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tural  standpoint  and  in  such  a  manner  as  to  excite  nothing  but 
admiration  for  the  scientific  exactness  with  which  the  experiments 
in  intensive  culture  were  prosecuted.  It  is  shown  that  modem 
methods  must  supplant  the  Arabs'  indifference  to  the  basic  rules 
of  rational  cultivation. 

The  author  discusses  depletion  of  soil  by  a  defective  tenant 
system,  best  native  cane  varieties,  details  of  cane  selection,  plant- 
ing, cultivation  and  harvest,  proper  conditions  of  the  seasons  and 
prevailing  meteorological  conditions.  The  five  years  of  experi- 
mental work  were  controlled  by  digestion  analyses  of  the  canes, 
systematically  tabulated.  Alluvial,  coal  and  limestone  deposits  are 
described  and  their  analyses  gxven.  We  find  excellent,  practical 
information  regarding  native  manures,  such  as  stable  dung, 
"ruins  manures,"  zebach  balladi,  dove  g^ano,  bat  guano  and  their 
accumulation,  with  analyses.  The  author  states  a  need  for  im- 
ported artificial  fertilizers  and  green  manures,  and  adds  practical 
formulae  of  tried  fertilizer  combinations,  with  cost  and  returns. 

The  instructions  for  carrying  out  the  system  for  a  manurial 
experiment,  as  adopted  by  Dr.  Weitz,  secretary  to  the  Deleg^ation 
of  the  United  Association  of  Saltpeter  Manufacturers  in  Berlin, 
embody  some  most  practical  suggestions,  if  accurate  deductions 
are  to  be  made. 

Chapters  VII  and  VIII,  27  pages,  present  the  manurial  ex- 
periments in  detail,  comprising  acreage,  character  of  cane  pro- 
duced, fertilizer  applied,  crop  yield  and  cane  analyses ;  i.  e.,  sp.  gr., 
Beaume,  Brix,  juice  per  cent.,  non-sugar,  quotient,  sucrose,  glu- 
cose and  weight. 

The  material  is  well  arranged,  amply  illustrated  and  fully  sup- 
plemented by  plotted  tables.  The  style  is  very  lucid  and  the 
presentation  is  shorn  of  unnecessary  detail.      D.  L.  Davoll,  Jr. 
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Coal  oils,  testing  of 814 

Coal  tar,  testing  of 814 

CoATSs,  CHABX.tt  E.>  «nd  Alfred  Best    The  hydrocarbons  in  Louisiana  petroleum  1133 

Cobalt,  rapid  electrolytic  precipitation,  901 :  Separation  of  bismuth  from 95 

CoHSif^  LiixxAN.    See  E.'  P.  Harding. 

Coke,  determination  of  sulphur  in 184,  1265 

Colorimetric  determination  of  phosphates,  1056;  Of  potassium 990 

Color  test  in  high  carbon  steels 999 

Combustions,  carbon,  platinum  crucible  for 237 

Conductivity  of  hydrogen   ion 165 

Conglutin    339 

CooK^  AuPBXo  N.    Derivatives  of  phenylether,  V 60 

Copals,  chemical  constants  of 861  ff 

Copper,    rapid    electrolytic    precipitation,    897;     Separation    from    nickel,    90s; 

Separation   from   sine,   907;    Separation   from   selenium   and  tellurium,   895; 

Separation  of  bismuth  from,  907,  915;  Separation  of  mercury  from 198 

Copper  matte,  analysis  of,  for  bismuth 917 

Corn   kernel x  166,  1236 

Corylin 341,  84S 

Cox,  Alvin  J.    See  J.  M.  Stillman. 

Cbamsb,  W.  B.     See  article  by  Treat  B.  Johnson 491 

Ckampton,  Chaklxs  a.    The  composition  of  process  or  renovated  butter 358 

CitAwijtY,  J.  T.,  and  R.  A.  Duncan.    Fixation  of  ammonia  and  potash  by  Hmwaiian 

soils   47 

Crude  fibre,  filtration  of 3x5 

Cummer,  Fbxdsricx  W.    See  Frederick  L.  Dunlap. 

Cyanides,  double,  of  zinc  with  sodium  and  potassium 570 

lOAMAR   869 

Davis,  G.  T.     See  M.  Gomberg. 

Davou,,  David  L.    A  study  of  raffinose  determinatioas 10x9 

DKMPW01.F,  C  H.,  Ja.    A  process  for  making  available  phosphates 818 

Dbmmis,  L.  M.,  and  J.  G.  O'Neill.    The  determination  of  benzene  in  illuminating 

gas    503 

Dx  ScuwxiiriTz,  £.  A.,  and  M.  Dorset    The  composition  of  the  tubercle  bacilli, 

etc 354 

DimethylcyanAdipic   ester X096 

Dimethyldibenzylamine    109X 

Dimethylbenzaldazine 1091 

Dinitromethyl  phenylether 63 
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Dithiocarbamic  acid,  lome  new  alkyl  esters  of J89 

DoNMAN,  P.  G.    On  the  emulsifyinf  action  of  soap xsis 

DoKSST,  M.    See  E.  A.  De  Schwetnitz. 

Duncan,  R.  A.    See  J.  T.  Crawley. 

DuNtAP,  PaSDSRiCK  L.,  and  F.  D.  Shenk.  A  preliminary  report  upon  the  oxida- 
tion of  linseed  oil 8atf 

DUNZ.AP,  FaSDXRiCK  L.,  and  P.  W.  Cummer.    The  action  of  the  sodium  salts  of 

dibasic  acids  on  sniline  hydrochloride,  etc , 6is 

DuNNZNCTON,   P.   P.     A  Convenient  form  of  table  for  calculation  of  chemical 

weights 537 

ZIAST,  E.  M.     See  C  G.  Hopkins. 

Edestin 33a,  843 

Electric  test  retort 413 

Electrolytic  determination  of  bismuth,  83;  Of  manganese 1045 

Electrolytic  precipiution  of  nickels 1039 

Electrolytic   production  of  calcium 873 

Electrolytic   reduction   of  nitric   acid 1043 

Electrons    405 

Emulsions $x6 

Enzymes  of  rennet  extract 1343 

ErraU 88a 

Excelsia    843 

Explosion  test 55s 

Explosives,  nitrocellulose,  stability  test 549 

aPAILYER,  G.  H.     See  P.  K.  Cameron. 

Patigue,  contribution  to  the  chemistry  of 33 

Pats,  iodine  absorption  of 344 

Pay,  Irving  W.,  and  A.  P.  Seeker.  Reducibility  of  some  meUllic  oxides  by  hy- 
drogen, etc (S41 

Permentation,  effect  of.  upon  composition  of  cider  and  vinegar 16 

Perric  salts  and  phenylhydrazine 430 

Fertilizers,   determination  of  potash  in 416 

Fire-proof  wood,  method  of  testing 406 

Foasss,  FaSD  B.,  and  G.  H.  Pratt  The  determination  of  carbonic  acid  in  drink- 
ing-water      74s 

Formaldehyde,    comparison    of    methods    for    determining,    ios8;    Estimation    in 

milk    , 1036 

Fossil  resins,  chemical  constanU 860 

Frank,  Hsnet.    See  E  H.  Miller. 

pRANKVoaTtB,  Gboscs  B.    The  alkaloida  of  isopyrum  and  isopyroine 99 
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Freezing-points  of  dilute  solutions 391 

PuLUtx.  Myron  L.    Etching  of  qtiartz  in  the  interior  of  conglomerates 153 

Ok* AS,   illuminating,   determination   of   benzene   in,    503;    Mine,   new   apparatus 

for   examination    of 534 

GSROMANOS,  H.  W.     See  G.  W.  Rolfe. 

Givs,  William  J.     Further  facts  Regarding  "ureine** is8o 

Gxu.,  Augustus  H.,  and  Charles  G.   Tufts.     Does  cholesterol  occur  in  matse 

oil?    251,  498;  Sitosterol,  a  possible  test  for  maize  oil ss4 

Gliadin 847 

Globulin,  flaxseed,  844;  Squash-seed,  844;  Walnut 846,  848 

Glucose,  commercial,  determination  in  molasses,  etc 983 

Gold,  fluoride  of,   1 136;   Rapid  electrolytic  precipitation 90s 

GoMBSRG,  M.    On  the  possible  existence  of  a  class  of  bodies  analogoua  to  triphcnyl- 

methyl    1374 

G0MB8RC,  M.,  and  G.  T.  Davis.    On  triphenylmethyl  acetate 1369 
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GotowiN,  JottFH  H.    Tho  electrolytic  production  of  csktiim 873 

Graphite  muffle , IJ77 

Gbow,  Auahak.    Purification  and  estimation  of  iodine 987 

Guttmann  test,  for  explosives 551 

:^ADDOCK,  ISAAC  T.     See  G.  W.  Rolfe. 

Halogens,  estimation  of,  when  together 1138 

Haitd,  Wiixxam  p.    See  liarston  T.  Bogert 

Hamn,  Fkanx  L.    a  cheap  and  eflieient  water-blast 770 

Habdimg,  Bvsshakt  p.,  and  I«.  Cohen.    Reductioo  of  a,s-<luB^7lbcnnldasinc  and 

the  preparation  of  some  of  its  salts 1063 

HAaDiMG,  H.  A.    See  L.  L.  Van  Slyke. 

Babm,  C    The  determination  of  potash  in  fertiliacri,  etc 416 

HAavtt,  HxxBY  W.,  and  ICargaret  Holliday.     Contribution  to  the  chemistry  of 

fatigue 33 

HABszt,  Isaac  P.    See  Thomas  B.  Osborne 
Haet,  Edwxm  B.    See  Lucius  L.  Van  Slyke. 

Habtwxlx,  ButT  L.     The  behavior  of  cerium,  lanthanum,  neodymium,  praseo- 
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Haywood,  J.  K.     A  modification  of  the  Avery-Beans  method  for  detennining 

total  arsenious  oxide  in  Paris  green 963 

HsMoaxxsoM,  W.  S.    Silver  as  a  reducfaig  agent 637 

Heptane,  bromination  of 53s 

Heptyl  thiocyanate,  normal J89 

Hess  test,  for  explosives 5S' 

Hexamethylenetetramine  method  for  formaldehyde 1030 

Hexanitromethyl  phenylether , , 64 

Hilger-Haas  method  for  titanium 1086 

HiLL»  LuciAir  A.     A  colorimetric  method  for  the  determination  of  small  guMir 
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HiLLYSa,  H.  W.    A  method  of  grading  soaps  as  to  their  detergent  power,  ias6: 

A  study  of  soap  solutions,  534;.  On  the  cleansing  power  of  soap S" 

Hoitsema  test,  for  explosives •  ssa 

HoixxAAY,  Makgasst.    See  Henry  W.  Harper. 

^ -Homochelidonine,    in    Adlumia   cirrhosa S98 

Honey,  determination  of  glucose  in 98J 

Horxms,  C.  G.,  L.  H.  Smith  and  Z.  M.  East    The  chemical  composition  of  differ- 
ent parts  of  the  com  kernel .« iififi 

Howt,    Jamis   L.     Chrom-malonates,    444;    Review^    recent   work    in   inorganic 

chemistry is8a 

Hydantoin,  derivatives  of 3fi6 

Hydrocarbons  of  Louisiana  petroleum i iS3 

Hydrocyanic  acid  in  sorghum 5S 

Hydrogen,  reducing  action  on  metallic  oxides 641 

Hydrogen  ion,  equivalent  conductivity 165 

Hydrogen  sulphide,  distribution  to  laboratory  classes 431 

Hydrolysis  of  starch  by  acids 1003 

INDICATORS,    theories    of 11  u 

Inorganic  chemistry,  review  of  recent  work  in is8a 

Iodides,  detection  of,  in  presence  of  chlorides  and  bromides,  809;  Estimation  in 

presence  of  chlorides  and  bromides 1138 

Iodine,  atomic  weight,  S33;  Probable  cause  of  different  colors  of,  so;  Purifica- 
tion   snd    estimation 987 

Iodine  absorption  of  oils  snd  fats M44 

lodometric   method   for   formaldehyde 1031 
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Iron,  corrosion,  394;  effect  of  combined  carbon  in,  on  test  for  tin,  876;   Rapid 
electrolytic  precipitation.  903;    Separation  of  bismuth  from,  97;   Separation 

of    manganese    from 1049 

Iron  and  steel,  permanent  protection  of,  761;  Volumetric  determination  of  man- 
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Isoamyl  chloride,  action  of  fuming  tulpburic  acid  on 93s 

Isoapiol,  derivatives  of m6m 

Isopyroine,  alkaloids  of 99 

Isopyrum,  alkaloids  of 99 

Isosafrol,  derivativet  of a6a 

«r  AMIESON.  GEORGE  S.     See  Henry  h.  Wheeler. 

Jaynb,  H.  W.    Testing  of  coal  tar  and  oils  and  an  improved  testing  still 814 

Johnson,  TaXAT  B.    On  the  molecular  rearrangement  of  thiocyanacetanilides,  etc.  483 

Juglansin • 853 
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tions     '. 380 

Kam MEKBR,  ALfutD  U    The  'electrolytic  estimation  of  bismuth,  etc 83 

K«x,uiE«  Haksy  p.    On  the  occurrence  of  alum  as  an  efllorcicence  oa  brielcs J14 

KoHMiTAMK,  LoTBAZx.    See  ICarstoo  T.  Bogert 

XaACHMAN,  ARTHUR.     A  probable  cause  of  the  different  colors  of  iodine 

solutions SO 

Lanthanum,  atomic  weight,  say;  Behavior  toward  organic  bases isj8 

LiACR,  AiMOLt  B.    The  determination  of  commercial  i^ucoac  in  molasses,  syrups 

and  honey ^ 9ta 

Lead,  rapid  electrolytic  precipitation 904 

Lead  halides,  solubility  in  water 469 

Lecture   experiment 996 

Legler  method  for'  fonnaldehyde 1030 

Legumelin 337 

Legumin 33$,  847 

LXNHta^  ViCTOB.     Fluoride  of  gold 1136 

LsNHSa,   Victor,   and  W.   Titua.     Double  halides  of  tetlurium  with  the  alka- 

loida  730 

Leucosin   338 

LiCHTY^  D.  M.    The  solubility  of  the  bromide,  etc,  of  lead  in  water 469 

Life  history  of  a  doctrine iiS 

Limestonea,  chemical  method  for  determining  quality 143 

LiND,  S.  C    The  constitution  of  potsssiuin  rutHcninm  nitrotochloride  in  aqueona 

solution  9s8 

Linseed  oil«  composition  of  '^eak"  from,  716;  Oxidation  of 8a6 

Lipase  in  rice  bran 9S« 

Long,  J.   H.     On  the  relation  of  the  specific   gravity  of  urine   to  the   solids 

present 257,  871 

Lunge-Trillich  method 749 
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carbonate 73' 

Magnesium  hydroxide  and  adhesion 186 

Maltose,  presence  in  acid-hydrolyzed  starch  prodncta lois 

Manganese,  electrolytic  determination,  1045;  Separation  from  iron  and  zinc,  1045; 

Separation  of  bismuth  from,  96;  Volumetric  determination  in  iron  and  steel.  392 

Manganese  hydroxide  t  nd  adhesion 186 

Massecuite    8s8 

McFarland,  David  F.    See  H.  L.  Wheeler. 

McFarland,  D.  F.     See  article  by  Treat  B.  Johnson 488 

McIntosh,  D.    a  lecture  experiment  with  an  undiasociated  aalt 996 
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3CcKsinfA,  Craelss  P.   An  electric  test  retort,  4x5;  A  proposed  method  of  teitiaf 

wood  treated  to  resist  fire 406 

Msumni,  A.  C    See  W.  R.  Whitney. 

lieltinf-point  determinmtions,  liquid  baths  for 161 

lierenroos  sulphide 799 

Mercury,  cathode,  883;  Determination  and  separation,  198;  Oxides,  reductidn  of, 
645;    Rapid   electrolytic    precipitation,    901;    Separation    from    selenium    and 

tellurium     894 

Metals,  delicacy  of  tests  for,  992;  Electrolytic  separation  of,  892;  Rapid  elec- 
trolytic   precipitation 896 

Methyl  acetate,  saponification 43$ 

^•Methyl  adipie  acid,  synthesis  of 1093 

Methykyanadipic  ester 1095 

Milk,  composition  of  cows',  132;  Effect  of  rennet  enzyme  on  proteids  of,  1243; 

Estimation   of  formaldehyde   in 1036 

MiLUCB,  Edxumd  H.,  and  H.  Prank.    On  the  reduction  of  molybdenum  by  sine 
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Ifolybdate  method,  for  bismuth 9tt 

Molybdenum,  rapid  determination  in  steel,  215;  Rapid  electrolytic  precipita- 
tion, 904;   Reduction  by  zinc 919 
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Moaax,  PUd  W.  The  effect  of  moisture  on  the  availability  of  dehydrated  phos- 
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MuHtov,  US.    See  L.  M.  Tofanan.  • 

MuNtoir,  L.  S.,  and  L.  M.  Tolman.  The  compoaition  of  fresh  and  canned  pine- 
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Rosenau),  917;  Electro-Qiemical  Analysis  (E-  P-  Smith),  2x8;  Elementary 
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Moureau),  316;  (Eurrca  Completes  de  J.  C  Galissard  de  Marignac,  Tome  I.» 
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